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HERBICIDE TOLERANCE AND WEED CONTROL 
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The lupin team made a major effort to transfer the latest agronomic technology top growers at more 
than 150 meetings, field days and industry forums. Numerous press releases television and radio 
interviews newspaper and magazine articles were part of this extension push. 
In 1998, the anthracnose resistant variety Tanjil was released in WA. Tanjil is a single plant selection 
from Wonga that has higher yield than Wonga in western regions (it was selected by Dr John 
Gladstones from slightly earlier maturity, stronger stems and lower alkaloids than Wonga in WA). 
The anthracnose resistance of Wonga and Tanjil was identified in screening experiments in New 
Zealand in 1996/97. Both Wonga and Tanjil are resistant to phomopsis in both stems and pods, and 
resistant to aphids. The importance of sowing clean seed for the management of anthracnose in 
lupins has been recognised by the industry. In 1997 and to a lesser extent in 1998 anthracnose-free 
seed was relatively easy for many growers to obtain from areas remote from the 1996 outbreak 
zones. From 1999 on anthracnose-free seed will become an increasingly rare commodity. Trials 
carried out in 1998 has confirmed that for the more resistant narrow-leafed lupin varieties such as 
Wonga and Tanjil, sowing seed with a low level of infection will not result in severe yield loss from the 
disease as long as the recommended fungicide is used. 
The new GRDC funded project 'Getting the best out of new lupin varieties' began its first field season 
in 1998. Its objectives are to discover the specific adaptation of the increasing range of new lupin 
varieties (such as Wodjil and Tallerack) to both environment and management, and to incorporate 
this knowledge into region and cultivar specific agronomy packages. The major research emphasis in 
the 1998 growing season was on investigating the response of current commercial varieties to sowing 
time and sowing rate at a number of locations. 
Wodjil yellow lupins were grown out by the Agracorp which is the licensee for the variety throughout 
WA in 1998. Grower experiences were varied with many growers hampering performance by sowing 
at too low densities in order to maximise bulk up. Information on strategies to minimise the effects of 
aphids, to which they are very susceptible, is more available due to trials carried out on aphid feeding 
damage. The variety is brown spot resistant and suited to the 'wodjil' soil types of the eastern 
wheatbelt that have the highly acidic subsoils. The future challenge for the yellow lupin in WA is 
growing the variety in such a way to prevent significant yield loss from anthracnose as it one of the 
more susceptible varieties. Clean seed will be very important as well as making sure the variety is 
grown in the lower rainfall zone where the 'wodjil' soil type is found. A Code of Practice (which covers 
Albus lupins as well) has been developed to make sure that growers do not put themselves or any 
neighbour at extra risk from anthracnose by growing Wodjil yellow lupins. 
Tallerack is an experimental variety - the first restricted branching lupin in Australia. The best 
performance by this variety has been on the South Coast of WA, and worst in the high rainfall 
northern areas of WA where its aphid susceptibility is a disadvantage. 
Varietal development and agronomy 
Belara (WALAN0509) and Tallerack (WALAN3039) narrow leafed lupins were released in WA in 
1997. The performance of Belara continues to be quite spectacular in WA. During the growing 
season of 1998, in particular, Belara performed very well in WA both in grower's paddocks and in 
Statewide testing. Belara is about 5-7 days earlier flowering and maturing than Gungurru or Merrit, 
and about 7-10 days earlier than Wonga. Belara is very resistant to Phomopsis stem blight and quite 
susceptible to brown spot, so the 'brown spot package' must be used when growing this variety. 
Extension has concentrated on making sure growers use the correct management practices when 
growing this variety. 
Statewide performance 
Planting of lupins in 1998 were down 20% on last year's figures which probably reflects the increased 
area sown to canola. Lupins, however, yielded well with 950,000 tonnes handled by CBH which is a 
small drop from last year's figure of 981,000 tonnes. It has been estimated that lupins averaged 
1 t/ha Statewide in 1998. 
1998 Lupin Highlights 
II 
Market and Product Development 
Mr D. Petterson, South Perth, Senior Research Officer (CRF) 
Time to Lime Project 
Chris Gazey, Northam, Research Officer (CRF) 
Reliable Crop Establishment 
Mr G. Riethmuller, Merredin, Senior Agricultural Engineer (CRF) 
Dr P. Blackwell, Geraldton, Senior Research Officer (CRF) 
Crop Variety testing 
Mr R. Hunter, South Perth, Senior Technical Officer (CRF) 
Mr Dean Diepeveen, Manager (CRF) 
Integrated Weed Management 
Dr Terry Piper, South Perth, Research Officer (CRF) 
Genetic Improvement of Lupins 
Dr Wallace Cowling (CRF) 
Dr Bevan Buirchell (CRF) 
Pest and Disease Management 
Dr Mark Sweetingham, South Perth, Project Manager (CRF) 
Mr Geoff Thomas (CRF) 
Mr Ken Adcock, Senior Technical Officer (CRF) 
Phil Michael, Albany, Research Officer 
Fran<;:oise Berlandier, South Perth, Research Officer 
Kevin Walden, Geraldton, Research Officer 
Linnet Cartwright, South Perth, Technical Officer 
Peter Mangano, South Perth, Technical Officer 
Pulse Productivity and Industry Development Project 
Greg Shea, Merredin, Development Officer and Project Manager (CRF) 
Mr Bob French, Merredin, Research Officer 
Mr Ross Brennan, Albany, Research Officer 
Mr Jeff Russell, Merredin, Development Officer (CRF) 
Mr Bill O'Neill, Geraldton, Development Officer (CRF) 
Mrs Juliet McDonald (nee Mailey), Coorow CAC, Development Officer (GRDC) 
Mr Daniel Hester, Dalwallinu CAC, left the project January 1999 (GRDC) 
Ms Heather McNaughton, Wongan Hills CAC, Development Officer (GRDC) 
Mr Rob Dickie, Moora, Development Officer (CRF) 
Ms Sally-Anne Penny, Merredin, Development Officer (CRF) 
Mr Garren Knell, Lake Grace, Development Officer (CRF) 
Andrea Hills, Esperance, Development Officer (CRF) 
Ms Nikki Runciman, Mt Barker, Development Officer (CRF) 
The research and extension staff of the Lupin Productivity and Industry Development Project (UAN) 
made major contributions to the 1998 activities reported in this book. In addition to these, staff from 
other projects within the Pulses and Oilseeds Program and outside institutions also contributed to this 
book and their contribution is acknowledged. 
Staff 
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Through 1998 anthracnose has spread to infect many more parts of WA, with some detections in the 
south and east well removed from the original focus in the north. Significant losses were experienced 
in a several narrow-leafed lupin crops of susceptible varieties in 1998 in the northern and west 
midlands areas. It is expected that many parts of the wheatbelt now have pockets of low level 
infection. Infection is particularly widespread in the high rainfall zone between Gingin and Geraldton. 
SPREAD IN WESTERN AUSTRALIA 
Management packages for anthracnose control in narrow-leafed lupins have been well promoted and 
industry awareness is high. Two new narrow-leafed varieties, Wonga and Tanjil are showed excellent 
resistance to anthracnose in 1998 trials although they are not immune. These and new varieties of 
equivalent or greater resistance will play a key role in future of the lupin industry. 
Set up a clean seed multiplication area on your farm at low risk of infection or organise a 
reliable source off-farm if you are in a high risk area. 
• Plan for 2000 clean seed now 
• Varieties 
Note the relative resistance of the current lupin varieties. In higher risk situations do not grow 
Kiev Mutant, Wodjil, Myallie or Tallerack. Tanjil and Wonga are the most resistant followed by 
Kalya. 
• Machinery hygiene 
Avoid contaminating clean seed with infected material during harvest and grading. Be aware of 
the potential for spraying rigs to spread disease within and between paddocks. 
• Reduce reservoirs of infection 
Control infected blue lupins on fence-lines and roadways. To be effective these need to be 
sprayed out early in the seedling stage before the disease has a chance to multiply and spread. 
Control volunteer lupins in cereal and canola crops in paddocks that will be sown to lupins the 
following season. 
• Crop rotation 
Do not sow lupins back onto the previous seasons lupin stubble. A single year break is 
sufficient for stubble borne inoculum to break down. 
• Fungicide seed treatment 
Thiram is the best choice in most cases (usually mixed with a dicarboximide for brown spot 
control). Fungicide is strongly recommended in all situations. Uniform seed coverage is 
important. 
• Plant low risk seed 
Select a seed source with the lowest anthracnose infection level available. Seed should be 
graded to remove the smaller infected seeds. A commercial seed test is available - follow the 
sampling guidelines carefully. 
MANAGEMENT PACKAGE IN SUMMARY 




The value of inspecting your own crops seems to depend largely on individual experience. It appears 
to be a good guide when the grower knows exactly what to look for. 
Research is continuing to try to develop a quantitative PCR test. Other possibilities include a 
traditional pathology fungal seed test which could be performed on samples testing positive by PCR. 
This 2nd tier test could be quantitative above a level of 1 in 1000. Such a test is currently being 
validated by AGWEST Plant Laboratories but is currently not commercially available. 
Seed testing 
Currently, a commercial PCR test is available to growers. This test is capable of detecting one 
infected seed in 10,000. It is clear that this test is level of infection is too restrictive for the more 
resistant narrow-leafed lupin varieties (see Thomas et al. this update). 
The use of clean seed remains a major plank of the anthracnose management package. 
CLEAN SEED 
Industry and grower representatives agreed to promote the following Code of Practice for the growing 
of both albus and yellow lupin: 
• Albus or yellow lupins to be grown no less than 500 m away from a neighbour's lupin crops. 
Keep the same distance from your own narrow leafed lupin crops or blue lupins. 
• Use a recommended seed treatment fungicide. 
• Sow seed harvested from crops where the disease was not found and has a negative 
anthracnose test result at the 1 :10,000 level. 
• Inform your neighbours of your intention to grow albus or yellow lupins and that you are 
following the above guidelines. 
It is now clear that viable albus production will be almost impossible in the high rainfall zones from the 
north through the West Midlands to Gingin due the concurrence of blue lupins and the widespread 
presence of anthracnose. Extension campaigns have been strongly advising growers against a/bus in 
these areas. The re-establishment of the albus industry where infected blue lupins are present will 
depend on the development of a resistant albus variety which is still some time off. 
A ban as on albus lupin production in 1997 was put in place given the extreme susceptibility of this 
species and the lack of clean seed available to plant. A restricted area of albus was sown in 1998 
from registered sources of clean seed put aside in 1996 under stipulated conditions. In a bulk up crop 
near Walkaway, disease reached high levels despite being grown from clean seed. The source of 
infection being nearby blue lupins. By contrast crops grown remote from blues remained disease free 
or only had low levels of infection. 
At its peak, the al bus industry was concentrated in the high and medium rainfall zones of the northern 
agricultural region with an annual production in the order of 20,000 tonnes. Production in the other 
parts of the State amounted to about 5,000 tonnes. 
THE ALBUS SITUATION 
Blue lupins (and to a lesser extent hard-seeded bitter narrow-leafed and yellow lupins) can be found 
in significant numbers through the northern wheatbelt and West Midlands in particular, but also 
through the Avon Valley and the high rainfall south west. These stands will eventually all become 
infected with anthracnose. In districts where blue lupins play no productive part in the farming system 
it is in growers best interests to control these populations. In some areas blue lupins are still valued 
as a component of pasture and it is expected that their regeneration will decline over time as the 
disease reduces productivity and seed set. However, this decline is not expected to be noticeable for 
5 to 10 years owing to the large seed banks in many areas. 
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Reaction of growers to the first evidence that anthracnose is on their farm or in their shire can be one 
of panic. At the other extreme we have growers in areas where the disease has yet to be found 
taking no precautionary measures or longer term planning. There is definitely a role for agribusiness 
to help keep the issue in the correct balance. 
FEAR VERSUS COMPLACENCY 
South Australia, Victoria and New South Wales are dependent on the periodic import of narrow-leafed 
lupin seed of new varieties from Western Australia. In some years these States also have a demand 
for lupin as a feed grain. The level of surveying and associated cost required to define 'area freedom' 
from anthracnose within Western Australia has not been resolved. It is unlikely WA will be able claim 
any area freedom by 2000. 
In South Australia, infection has been found in 1998 on in a small number of crops on the Eyre 
Peninsula near the original sites detected in 1996. The eradication strategy in currently under review 
pending the results of more surveys. 
Surveys in NSW and Victoria in 1998 have failed to find anthracnose in commercial lupin crops. 
THE EASTERN STATES SITUATION AND INTERSTATE TRADE 
Producing your own clean seed 
It is essential to start off with the cleanest seed available, grade and use a fungicide seed treatment. 
Sow in isolation from blue lupins and other crop lupins on the farm. The safe distance from other 
lupins is 500 m. 
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There was a penalty of approximately 1.0 t/ha from sowing 0.5% infected Myallie seed. By 
comparison the penalty in Wonga was only 0.2 t/ha (Table 1). Seed infection levels were measured 
in harvested seed samples from each plot. These levels are over-estimated in the nil and low seed 
infection treatments as spore drift between plots was greatest towards the end of the season resulting 
in significant amounts of pod infection. Nevertheless, it can be seen that seed infection levels in the 
resistant Wonga is not likely to multiply dramatically as is the case with the more susceptible 
varieties. 
Kojareena (475 mm average annual rainfall) 
At this site anthracnose spread very rapidly with the early winter rains, particularly in the Kiev and 
Wodjil. Considerable infection crept into the plots sown with no infected seed by the combination of 
rain-splash and wind gust from adjacent infected plots. By the end of the season all the Kiev Mutant 
plots were wiped out. Spore loads coming off the Myallie and Wonga plots were much lower and so 
inter-plot infection was much lower in these varieties. 
Different seed infection levels were simulated by transplanting an appropriate number of infected 
seedlings into each plot at emergence. All lupin plots (1 O x 40 metres) were laid out with a 1 O metre 
buffer plot of canola on each side in an attempt to contain disease spread within each plot. 
Preferably, the buffer distance would have been greater but the trials took up 8 hectares as it was and 
there was a compromise with keeping the trial on a uniform soil type. 
Trials were established at Geraldton, Mingenew and Mount Barker on farms where anthracnose had 
been previously found and in isolation from any other crop or blue lupins. Sites were monitored with 
a weather station. 
1998 TRIAL RESULTS 
Trials were designed to determine the yield loss in resistant and susceptible lupin varieties grown 
from a range of initial seed infection levels. It was not possible to include all the currently grown 
varieties, so a selection spanning the range from the most susceptible to the most resistant were 
chosen (Kiev Mutant, Wodjil, Myallie and Wonga). 
French researchers concluded that as little as 1 infected seed in 10,000 (0.01%) could result in severe 
disease in Albus lupins in a conducive season. Our research is confirming this for the susceptible 
Kiev Mutant variety under Western Australian conditions. However, we believe that with the more 
resistant narrow-leafed lupin varieties, sowing seed with 0.01% infection will not result in severe 
disease. 
In 1997 and to a lesser extent in 1998 anthracnose-free seed was relatively easy for many growers to 
obtain from locations remote from the 1996 outbreak areas. From 1999 on, anthracnose-free seed 
will become an increasing rare commodity. So the question for most growers will be - what level of 
anthracnose infection can be tolerated in my seed? 
The importance of sowing clean seed for the management of anthracnose in lupins has been stressed 
many times. 
INTRODUCTION 
Anthracnose - Critical seed infection levels for 
resistant and susceptible varieties 
Geoff Thomas, Mark Sweetingham, Bill O'Neill and Greg Shea, Agriculture 
Western Australia 
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Mingenew (375 mm average annual rainfall) 
The rate of anthracnose spread and the final level of damage was not as great at the Mingenew site 
compared to the Kojareena site as a consequence of the lower rainfall and less wind. Only Kiev and 
Wodjil data is presented (Table 2) as data from the Wonga and Myallie plots was unreliable owing to 
severe luceme flea and waterlogging damage early in the season. There was less inter-plot spread of 
disease at Mingenew and the Kiev Mutant plots grown from nil infected seed had only low levels of 
disease at the end of the season. There was a penalty of approximately 1.8 t/ha from sowing 0.5% 
infected Kiev Mutant seed. 
A Canopy collapse = patches of collapsed plants due to severe lesions breaking-off the main-stem. 
n.a. = Data not processed at time of publication. 
Plants Canopy Infection 
Infection level infected Plants collapse Grain level in Variety in seed sown (%) infected (%) (%) yield seed 
(%) (14 July) (20 October) (4 Augustt (t/ha) harvested 
(%) 
Wonga nil 0 4 0 2.52 0.1 
(L. angustifolius) 0.01 0 20 0 2.46 0.1 
(Resistant) 0.02 0 22 0 2.37 0.1 
0.1 1 31 0 2.33 0.3 
0.5 3 56 0 2.30 0.6 
LSD (p = 0.05) 12 ns 
Myallie nil 0 48 0 1.98 2.4 
(L. angustifolius) 0.01 1 64 1 1.86 3.4 
(Susceptible) 0.02 2 78 2 1.73 3.3 
0.1 6 88 8 1.31 5.5 
0.5 11 73 20 0.96 3.6 
LSD (p = 0.05) 23 0.19 
Kiev Mutant nil 4 100 38 0.07 n.a. 
(L. albus) 0.01 8 100 62 0.10 n.a. 
(Very susceptible) 0.02 17 100 79 0.05 n.a. 
0.1 28 100 100 0.01 n.a. 
0.5 60 100 100 0.03 15.0 
LSD (p = 0.05) ns ns 
Wodjil nil 3 76 10 0.30 n.a. 
(L. luteus) 0.02 11 91 36 0.23 n.a. 
(Very susceptible) 0.5 45 93 84 0.17 7.1 
LSD (p = 0.05) ns 0.04 
Table 1. The effect of anthracnose seed infection on different lupin varieties grown at Kojareena, 
near Geraldton, 1998 
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Estimated yield loss(% reduction) 
Variety Seed infection level sown(%) Seed infection level sown(%) 
no fungicide with fungicide 
0.01 0.02 0.1 0.5 5.0 0.01 0.02 0.1 0.5 5.0 
Kiev Mutant 80 90 95 100 100 70 75 80 90 100 
Wodjil 50 70 90 100 100 25 30 50 80 95 
Myallie, Tallerack 5 15 35 50 90 2 4 5 30 80 
Merrit, Belara, Gungurru 4 12 25 35 60 1 3 4 15 30 
Kai ya 3 8 18 25 35 0.5 2 3 10 20 
Wonga, Tanjil 2 5 8 10 20 0 1 2 5 15 
High rainfall(> 450 mm) zone 
A recommended fungicide seed treatment will reduce seed transmission on average by a factor of 
approximately 30 fold. This has been factored into the following tables. 
From our knowledge of the relative susceptibility of different lupin varieties (see Crop Variety Guide) 
and the data described above, it is possible to estimate yield losses due to sowing different levels of 
anthracnose seed infection in the currently grown varieties. Obviously, yield losses will vary with 
seasonal conditions and so the estimates presented are for an 'average year' in the high, medium and 
low rainfall zones. 
ESTIMATED YIELD LOSSES IN DIFFERENT LUPIN VARIETIES FROM SOWING 
DIFFERENT LEVELS OF ANTHRACNOSE INFECTED SEED 
Comparing the rate of disease spread within and between plots at the three sites has increased our 
knowledge of disease epidemiology and will be used to improve our simulation and predictive models. 
Mount Barker, (650 mm average annual rainfall) 
At the Mount Barker site disease spread was significantly slower in the cold winter months but 
accelerated in the spring with the ongoing rains. Yield losses were greatest in Kiev with only small 
losses in Myallie and no losses in the Wonga. No seed infection level data is available at present. 
n.a. = Data not processed at time of publication. 
Infection level in Canopy collapse Grain yield Infection level in 
Variety seed sown(%) (%) (15 Augustt (t/ha) seed harvested (%) 
Kiev Mutant nil 2 2.27 n.a. 
(L. a/bus) 0.01 4 1.61 n.a. 
0.05 12 1.39 n.a. 
0.5 42 0.52 n.a. 
LSD (p = 0.05) 0.58 
Wodjil nil 2 0.80 0.0 
(L. /uteus) 0.1 32 0.41 7.8 
LSD (p = 0.05) 0.13 0.9 
Table 2. The effect of anthracnose seed infection on different lupin varieties grown at Mingenew, 
1998 
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REFERENCE 
Given these developments quantitative seed tests are needed and are being developed by AGWEST 
Plant Laboratories and by BioWest Australia. 
It is clear that exceeding the 0.01 % level is a problem for Kiev Mutant in the medium and high rainfall 
zones where a yield loss of at least 20% could be expected. At the other extreme with Tanjil and 
Wonga, much higher levels of seed infection can be tolerated. 
The original PCR seed test was designed to be able to detect infection down to the 0.01 % level or 
one infected seed in 10,000. This is the practical limit for a laboratory test because of the physical 
quantity of seed that needs to be processed. 
ESTIMATING SEED INFECTION LEVELS 
Work is continuing on refining the simulation model (Diggle et al. 1998) which will be used to improve 
the above estimates as well as provide estimates for particular seasonal scenarios. 
Estimated yield loss (% reduction) 
Variety Seed infection level sown(%) Seed infection level sown(%) 
no fungicide with fungicide 
0.01 0.02 0.1 0.5 5.0 0.01 0.02 0.1 0.5 5.0 
Kiev Mutant 10 15 25 50 90 5 7 10 20 80 
Wodjil 6 12 18 30 75 3 4 6 15 55 
Myallie, Tallerack 2 4 10 14 50 1 2 3 5 32 
Merrit, Belara, Gungurru 1 3 7 10 30 0 0.5 2 4 18 
Kai ya 0.5 2 4 6 18 0 0 1 3 11 
Wonga, Tanjil 0 1 2 3 5 0 0 0.5 2 3 
Low rainfall(< 325 mm) zone 
Estimated yield loss(% reduction) 
Variety Seed infection level sown(%) Seed infection level sown(%) 
no fungicide with fungicide 
0.01 0.02 0.1 0.5 5.0 0.01 0.02 0.1 0.5 5.0 
Kiev Mutant 30 36 50 80 100 20 25 30 40 60 
Wodjil 20 32 45 65 90 5 10 20 35 45 
Myallie, Tallerack 3 8 18 22 70 2 3 8 10 30 
Merrit, Belara, Gungurru 2 5 12 15 40 0.5 1 3 5 20 
Kai ya 1 3 7 10 20 0 0.5 2 3 15 
Wonga, Tanjil 0.5 2 3 4 6 0 0 1 2 10 
Medium rainfall (325-450 mm) zone 
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Note that the high rate of Rovral on its own gave reasonable anthracnose control but this is more than 
twice as expensive than the low rate of Rovral plus thiram. 
All fungicides significantly reduced anthracnose infection levels. Sumisclex and the low rate of 
Rovral gave the least control. Grain yield was significantly increased by all fungicides except 
Sumisclex (Table 1). Yield increases due to the more effective treatments may have been under- 
estimated due to secondary spread of disease between plots towards the end of the season (the 
mustard buffers were too small). 
1998 TRIAL RESULTS 
Fungicide treatments applied to highly infected Albus seed 
Palmerston North, New Zealand 
Fungicide combinations were applied to naturally infected seed of the highly susceptible Kiev Mutant 
variety (11 % infection in the untreated seed). Plots (5 m x 1 m) were separated by 2 m mustard 
buffers on all sides. There were 5 replicates of each fungicide treatment in a randomised block 
design. Seedling infection levels at 4 weeks and canopy collapse due to severe lesions breaking-off 
the main-stems was measured at 13 weeks after sowing. 
The best fungicides for anthracnose control and brown spot control are different. This means that 
growers need to treat with a mixture of products. 
With the recent publicity surrounding anthracnose it is easy to forget that brown spot will cause far 
greater losses Statewide than anthracnose in 1999. Growers must be reminded of the need to treat 
seed with a fungicide containing the active ingredients iprodione (Rovral® or Civit®) or procymidone 
(Sumisclex®) for brown spot control in seedling crops. 
The fungus Co/letotrichum gloeosporioides is highly seed-borne and infected seed not only carries the 
fungus to new locations but initiates anthracnose epidemics each season in crops sown with a 
proportion of infected seed. Fungicide seed treatment reduces transmission of the disease from 
infected seed to the emerged seedling. Some fungicides can also reduce secondary infection from 
spores splashed from an infected seedling to neighbouring seedlings. 
INTRODUCTION 
• Lupin seed should be fungicide treated for both anthracnose and brown spot control. 
• Thiram (100 g a.i./100 kg seed) and carbendazim (SO g a.i./100 kg seed) reduce anthracnose 
transmission from lupin seed to seedling but give no control of brown spot. 
• Rovral®, Civit® and Sumisclex® (25 g active ingredient/100 kg seed) give good control of 
brown spot in lupin seedlings but limited control of anthracnose. 
• Carbendazim provides some 'systemic' protection against spores splashed onto young albus 
lupin seedlings. Carbendazim has occasionally reduced lupin emergence in Agriculture 
Western Australia and overseas trials. 
• lprodione plus thiram may be more reliable than procymidone plus thiram for anthracnose 
control. 
SUMMARY 
Fungicide seed treatment for anthracnose and 
brown spot control in lupin 
G. Thomas and M. Sweetingham, Agriculture Western Australia 
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Plants Plants Grain Fungicide seed dressing Emergence infected infected yield (rate/kg seed) plants/m2 at 3 weeks at 8weeks (t/ha) 
(%) (%) 
Nil 40 2.0 98 0.56 
Rovral (iprodione 0.25 g) 38 2.7 72 0.49 
Rovral + carbendazim (0.25 g a.i. + 0.5 g a.i.) 36 1.0 17 0.81 
Rovral + thiram (0.25 g a.i. + 1.0 g a.i.) 42 1.1 8 0.93 
Rovral + CR21528/04 (0.25 g a.i. + 0.5 g a.i.) 32 0.8 24 1.03 
Sumisclex + thiram (0.25 g a. i. + 1. 0 g a. i.) 43 1.5 41 0.71 
LSD (p = 0.05) 4 0.8 46 0.21 
Table 2. The effect of fungicide seed dressing on lupin anthracnose and grain yield at Mingenew (6% 
infected Kiev Mutant seed) 
The trend at both sites was that disease control of Rovral + thiram was better than Sumisclex + 
thiram. Grain yield at Mingenew was significantly increased by all the mixtures with Rovral, but not 
by Rovral alone or Sumisclex + thiram (Table 2). 
Mingenew and Geraldton 
A smaller range fungicide combinations were applied to naturally infected Kiev Mutant seed (16% 
infection in the untreated seed). Plots (20 m x 1.4 m) were separated by 5 m canola buffers on all 
sides. There were 5 replicates of each fungicide treatment in a randomised block design. 
A Canopy collapse = patches of collapsed plants due to severe lesions breaking-off the main-stem. 
Plants Acanopy Grain Fungicide seed dressing Emergence infected collapse at yield (rate/kg seed) plants/m2 at 4weeks 13weeks 
(%) (% plot area) (t/ha) 
Nil 32 7.0 50 1.18 
Rovral (iprodione 0.25 g) 38 5.3 29 1.94 
Rovral (iprodione 1.0 g) 35 2.3 19 2.28 
Sumisclex (procymidone 1.1 g) 36 2.7 33 1.68 
carbendazim 0.5 g 40 2.0 20 2.36 
thiram 1.0 g 44 1.8 23 2.36 
Rovral + carbendazim (0.25 g a.i. + 0.5 g a.i.) 41 1.3 16 2.28 
Rovral + thiram (0.25 g a.i. + 1.0 g a.i.) 40 3.3 10 2.50 
CR21528/04 0.5 g/kg 37 2.0 9 2.08 
Rovral + CR21528/04 (0.25 g a.i. + 0.5 g a.i.) 34 3.3 14 2.42 
LSD (p = 0.05) 5 2.8 15 0.68 
Table 1. The effect of fungicide seed dressing on lupin anthracnose and grain yield in New Zealand 
(9% infected Kiev Mutant seed) 
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Systemic protection will slow down the rate of epidemic development in the paddock situation and 
potentially provide a greater yield benefit on top of that due to a reduction in seed transmission. 
Large plot experiments with big buffers or a modelling approach would be required to quantify this 
yield advantage. It seems that the additional benefits of using carbendazim over thiram would be 
unlikely to cover the additional cost involved for narrow-leafed lupin, particularly the more resistant 
varieties. However, with Kiev Mutant there could be a benefit in some situations. This has to be 
weighed up against a small but real risk of reduced germination in some situations. 
Kiev Mutant (L a/bus) Myallie (L angustifolius) 
Fungicide seed treatment 
Emergence o/o Seedlings Emergence % Seedlings (rate/kg seed) 
(%) infected (%) infected 
(12/6) (19/6) 
Nil 77 26 84 16 
Rovral (0.25 g iprodione) 64 29 79 15 
Carbendazim (0.5 g) 74 1 78 10 
CR21528/04 (0.5 g) 65 16 80 20 
Rovral + carbendazim 50 1 79 11 
Rovral + CR21528/04 55 21 81 19 
LSD (p = 0.05) 9 7 NS 5 
Table 4. The effect of systemic fungicide seed treatments on anthracnose infection in Kiev Mutant 
and Myallie lupins spreading from adjacent infected plots 
The Rovral + carbendazim treatment reduced emergence in Kiev Mutant by 40% but had no effect on 
the emergence of Myallie (Table 4). 
The results demonstrate that carbendazim and CR21528/04 can provide some systemic protection in 
seedlings. This effect is much more noticeable in Albus compared to narrow-leafed lupin, as was 
noted in previous glasshouse experiments. CR21528/04 was not as effective as carbendazim in this 
experiment in contrast to earlier glasshouse experiments. 
Fungicide treatments applied to clean seed sown adjacent to a source of infection 
Kiev Mutant (L a/bus) and Myallie (L angustifo/ius) treated with a range of fungicides were sown in 
narrow field plots between 'spreader rows' of infected Kiev Mutant. The spreader rows were sown 2 
weeks prior to the test plots. The seed to which the fungicides were applied was free of any 
anthracnose infection. So the disease that developed in the test plots arose from rain-splashed 
spores from adjacent spreader rows. Thiram was not included in this experiment as glasshouse 
experiments have shown that it provides no systemic protection. 
Note that there were insufficient quantities of highly infected narrow-leafed lupin seed to do this type 
of trial in 1998 but it will be repeated with narrow-leafed lupins in 1999. 
Not harvested due to bird damage. 
Plants Plants 
Fungicide seed dressing Emergence infected infected 
(rate/kg seed) plants/m2 at 5 weeks at 7 weeks 
(%) (%) 
Nil 32 4.0 47 
Rovral (iprodione 0.25 g) 38 3.0 36 
Rovral + carbendazim (0.25 g a.i. + 0.5 g a.i.) 36 1.3 11 
Rovral + thiram (0.25 g a.i. + 1.0 g a.i.) 33 1.0 8 
Rovral + CR21528/04 (0.25 g a.i. + 0.5 g a.i.) 36 1.3 9 
Sumisclex + thiram (0.25 g a.i. + 1.0 g a.i.) 31 2.0 21 
LSD (p = 0.05) ns 1.1 16 
Table 3. The effect of fungicide seed dressing on lupin anthracnose and grain yield at Geraldton (16% 
infected Kiev Mutant seed) 
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Application rate 
Registered trade name Active ingredient of product per 
100 kg seed 
Hannaford Thiraflo Seed Treatment 600 g/L thiram 170 ml 
Barmac Thiram Fungicide 800 g/kg thiram 125 g 
Farm-oz Thiram 800 WDG Fungicide 800 g/kg thiram 125 g 
Thiragranz Fungicide 800 g/kg thiram 125 g 
Barmac Thiram DG Fungicide 800 g/kg thiram 125 g 
Hannaford Vitavax 200FF 200 g/L thiram 500 ml 
BASF Bavistin FL Systemic Fungicide 500 g/L carbendazim 100 ml 
Spin Flo Systemic Fungicide 500 g/L carbendazim 100 ml 
Chipco Spin systemic fungicide 500 g/L carbendazim 100 ml 
Spin systemic fungicide 500 g/kg carbendazim 100 g 
Table 5. Fungicides registered for anthracnose control in lupins in 1999 
Note that some products are not coloured. It is illegal to treat seed with undyed fungicides and 
growers should mix these products with either Rovral®, Civit® or Sumisclex® or alternatively, dyes 
can be added to the fungicide. 
• Thiram and Carbendazim give no control of brown spot. 
• Rovral®, Civit®, or Sumisclex® mixtures with thiram (1 g/kg seed) are recommended for 
anthracnose and brown spot control. 
• It is essential to get uniform seed coverage to optimise anthracnose control (this is more critical 
than is the case for brown spot control). 
• Fungicide seed dressings can be antagonistic to the rhizobium used to inoculate lupins. In 
situations where inoculation with rhizobium is required, it is recommended that: 
the fungicide(s) be applied to the seed and allowed to dry; 
the inoculum be applied at a double rate immediately before seeding. 
• Note that caution is required with carbendazim. In one Agriculture Western Australia trial and 
in some South African and USA trials, crop emergence has been reduced. 
The products listed below are those stated on Minor off-label-use permits PER2167 and PER216). 
They are registered for the control of anthracnose (Colletotrichum gloeosporioides) on lupin (Lupinus 
spp.) seed in Western Australia (also NSW, SA, Tas, Vic). The permits allow that the product be 
applied by itself or in combination with a registered lupin seed dressing (e.g. Rovral®, Civit®, or 
Sumisclex®). 
RECOMMENDATIONS FOR 1999 
More work is needed to find out the situation of carbendazim versus thiram for yellow lupins. 
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In all, more than 6,500 1 m rows of varieties, breeding lines, landraces, and wild types of 11 lupin 
species (mostly L. angustifolius) were grown and tested at Aorangi Research Station during the two 
years. The disease was established using parallel 'spreader' rows of susceptible L. a/bus cv. Kiev 
Mutant, and anthracnose inoculum was sprayed on plants during the summer to enhance disease. In 
the first summer, conditions were moist and warm, and high disease levels occurred in the disease 
nursery. In the second summer, the weather was hot and dry, and less disease developed. 
A suitable site for a disease nursery was selected at the Aorangi Research Institute near Palmerston 
North, New Zealand, in early October 1996. It was necessary to set up a disease nursery outside 
Australia due to quarantine restrictions on anthracnose in various Australian States and the existence 
of an eradication program in Western Australia. Also, we needed to test material for resistance as 
quickly as possible, so that crossing could be undertaken in winter 1997 with known resistant lines. 
Sowing occurred in early November 1996 and late October 1997 in New Zealand. 
METHODS 
• To determine the variation in resistance to anthracnose in the L. angustifolius and L. a/bus 
breeding programs. 
• To assess resistance in stems and pods, and to identify levels of resistance that limit yield loss 
and carry-over in seed infection to the next generation. 
• To assess a wide range of wild and landrace accessions of many lupin species for resistance to 
anthracnose. 
• To undertake crossing and accelerated breeding for resistance to anthracnose in L. 
angustifo/ius and L. a/bus. 
• To study the inheritance and genetics of resistance with the aim of using molecular markers in 
lupin breeding. 
AIMS 
Anthracnose of lupins was first reported in commercial crops in Western Australia in September 1996. 
Within 2 months, several thousand lupin breeding lines and wild types of 11 lupin species were sown 
in New Zealand for resistance screening. In two years, we confirmed resistance to anthracnose in 
several wild types, breeding lines and commercial cultivars of narrow-leafed lupins (Lupinus 
angustifolius), in landraces of albus lupins (L a/bus) and in wild types of several other lupin species. 
Resistance was confirmed in glasshouse and field trials. L. angustifolius cultivars Wonga and Tanjil 
(released in 1998) were shown to be resistant. Breeding lines of L. angustifolius with putative 
resistance were crossed in winter 1997, and after accelerated generations were grown in F3 rows in a 
disease nursery near Geraldton in 1998. Many of these crosses had stronger resistance in pods to 
anthracnose than Wonga and Tanjil. Such levels of resistance should eliminate anthracnose as a 
cause of yield loss or significant seed infection in L. angustifo/ius. In L. a/bus, promising resistance 
was found in landraces from Ethiopia and Greece. Resistant progeny from crosses with these 
landraces will be selected in the Geraldton disease nursery in 1999. 
SUMMARY 
Wallace Cowling1'2, Bevan Bulrchell'", Mark Sweetinqham'", Hua'an Yang2, 
Geoff Thomas 1, David Luckett3, Allan Brown4 and John Hamblin2 
1 Agriculture Western Australia, Locked Bag No. 4, Bentley Delivery Centre, WA 6983, Australia 
2 Centre for Legumes in Mediterranean Agriculture, University of Western Australia, Nedlailds, 
WA 6907, Australia 
3 NSW Agriculture, Agricultural Institute, Wagga Wagga, NSW 2650, Australia 
4 Consultant, 16 Rochester Way, Dianella, WA 6062, Australia 
Anthracnose resistance in lupins - An innovative 
Australian research effort 1996-1998 
13 
The most resistant accessions were targeted for crossing in Perth in winter 1997. After accelerated 
generations over summer, F3 bulks of 160 crosses among moderately resistant L. angustifolius 
parents were assessed for resistance near Geraldton in 1998. Many of the F3 rows appeared to be 
resistant on the foliage, but anthracnose damage on reproductive tissue was severe on susceptible 
types such as Myallie. On Wonga, anthracnose killed flowers and caused pod lesions on the main 
stem. In each row of Wonga, there were on average 8-1 O plants that appeared to have podded well 
on the main stem without anthracnose damage, and for Myallie less than 1 plant per row. On some 
resistant crosses, there were 15-20 healthy plants in each row with no symptoms on pods (Figure 2). 
This level of resistance will be sufficient to practically eliminate anthracnose as a problem in the 
northern wheatbelt of WA. 
Fig. 1. Resistance ratings on breeding lines and cultivars of 
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The results from New Zealand in the summer of 1996/97 (Figure 1) were very exciting, with evidence 
of moderate resistance (MR) in domesticated L. angustifolius, and in L. a/bus and many other species 
(results not shown). Under severe disease pressure, when L. a/bus cv. Kiev Mutant was almost 
completely dead (rating 9, VS), many lines were free of symptoms on foliage with minor pod lesions 
(rating 5). Lines with ratings between 5 and 6 included L. angustifolius cv. Wonga and breeding line 
83A025-24-2-3 (released in 1998 as Tanjil). Also impressive were two landraces of L. a/bus from 
Ethiopia, and a few accessions in many other species. 
RESULTS 
The F2 of crosses between L. a/bus cv. Kiev Mutant and landraces from Ethiopia were selected for 
sweetness in winter 1998, and will be tested for resistance to anthracnose in winter 1999. 
Based on the New Zealand results, crossing occurred in Western Australia with putative resistant 
types of L. angustifolius and L. a/bus in early winter 1997. Following accelerated breeding, the F3 was 
bulked for sowing in replicated row trials in a disease nursery at Newmarracarra, near Geraldton WA, 
in May 1998. Spreader rows of susceptible L. a/bus were sown between each test row. Rows were 
assessed for the number of plants with healthy pods and good podset on the main stem. A further 30 
crosses in L. angustifolius were made in Wagga Wagga NSW in the mid-late flowering background in 
1998, and these will be assessed for resistance to anthracnose in WA in the F 4• 
In the second summer, experiments were set up to test the impact of disease resistance on yield and 
seed transmission. This involved large plots of L. angustifolius cv. Myallie (moderately susceptible) 
and cv. Wonga (resistant), and L. a/bus cv. Kiev Mutant (very susceptible). These experiments 
continued in Geraldton in 1998. 
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Resistant progeny of crosses between L. a/bus cv. Kiev Mutant and resistant Ethiopian landraces will 
be selected in 1999. These results are being used to begin research in genetics and molecular 
markers for resistance to anthracnose in L. angustifolius and L. a/bus. 
In the large plot experiments in New Zealand (1997/98), the estimated yield reductions due to planting 
seed infected with anthracnose were 25% in L. a/bus cv. Kiev Mutant, 14% in Myallie, and 7% in 
Wonga. Seed harvested from these plots had on average 28% anthracnose infection in Kiev Mutant, 
0.5% in Myallie, and 0.1 % infection in Wonga. This result was confirmed in Geraldton in 1998. 
Resistance in reproductive tissue will be an important means of reducing crop to crop and year to 
year spread of this disease. 
No. Healthy Plants in F3 Row (%Wonga) 
Fig. 2. Results from F3 bulks of L. angustifolius crosses 
for resistance to anthracnose (Geraldton 1998). 
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As part of our goal to provide a service by introducing genes into lupins and other pulses for specific 
purposes, two gene constructs were introduced in a series of transformation experiments to lupins. 
The constructs carried an antimicrobial protein gene and a peroxidase gene respectively. Potential 
transformants were recovered. Each experiment was replicated five times and the task was allocated 
to a person unfamiliar with the technical aspects of the work. Preliminary experiments were 
conducted by experienced staff. The results show that the technique can be successfully transferred 
between personnel in the same laboratory and that the percentage of potentially transformed shoots 
can be achieved routinely and independent of construct. The outcome of these experiments was the 
production of seed which will be assessed for the presence of the gene of interest, its expression and 
efficacy in conferring disease resistance this season. 
THE INTRODUCTION OF DISEASE RESISTANCE CONSTRUCTS 
Attention has also been devoted to the development of alternative methods for gene transfer. 
Embryogenic cultures have been developed from V. faba callus. Rooted shoots have been generated 
from this material and there is the potential to establish a system for transformation using these cells 
and either biolystics or electroporation for gene delivery. 
White lupin shoot growth in culture has been significantly improved. Grafting of shoots to roots in 
vitro has proved partially successful but no seed has been recovered from the single transformant to 
date. 
The development of gene transfer systems for peas, chickpeas and lentils has give our laboratory the 
advantage of being able to introduce genes of interest to a range of legume species. Vicia faba and 
Lupinus a/bus transformations remain difficult and considerable effort has been devoted to the 
improvement of these systems. V. faba transformation experiments initially generated a single 
possible transformant from which a single seed was recovered. This seed produced a plant with a 
stunted growth habit. Southern hybridisation and PCR results suggest that the plant was not 
transformed and the growth habit was due to soma clonal variation induced during tissue culture. 
Additional seed has been recovered from this transformation event for assessment. Subsequent 
experiments have yielded additional transformation events. Our research efforts are at present 
directed towards improvement of the medium that supports shoot growth and enhanced 
transformation frequencies. 
GENE TRANSFER SYSTEMS UNDER DEVELOPMENT 
Those involved in the gene transfer program at CLIMA are engaged in an effort to integrate research 
results in such a way that new improved pulse varieties are generated for Australian farming systems. 
In the CLIMA laboratory several sources of funding have supported the development of 
transformation systems for a range of pulses based on the method originally established for lupins 
(Pigeaire et al. 1997). In addition the lupin transformation system is being used to introduce a 
number of genes into Lupinus angustifolius which have the potential to confer disease resistance on 
this species. This paper reports on some outcomes to date and places them in the context of future 
trends in biotechnology in Agriculture in Australia and abroad. 
INTRODUCTION 
Joanne E. Barton, Centre for Legumes in Mediterranean Agriculture, University of 
Western Australia, Nedlands, WA 6907 
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REFERENCE 
The routine production of transformants for the research and breeding programs and our endeavour 
to improve the transformation process and our capacity to assess transformants mirrors activities in 
the laboratories of other organisations engaged in the production of transgenic plants. During a 
recent visit to DuPont's new gene transfer facilities, a similar approach to delivering transformed 
material to breeding programs was noted. In Australia, efficiency in the design, production and 
delivery of transgenic pulses has resulted in herbicide tolerant lupins at CLIMA and pea weevil 
resistant peas and high methionine protein lupins at CSIRO Plant Industries. These represent the first 
and second generation transgenics where herbicide and pest tolerance and improved quality are 
significant. Opinions at the Executive Education Program Agribusiness Seminar at the Harvard 
Business School recently confirmed local views (C. Francis and Janet Wroth person. Comm.) that the 
demand world wide for neutriceuticals is growing. In the Agricultural context neutriceuticals were 
referred to as 'agriceuticals' and it was suggested that in thirty years time 'agriceuticals' would 
represent 80% of agricultural business. Research within genomics companies is creating data bases 
of sequence information (human and plant) that can be mined for specific medical and agricultural 
applications and the demands of society for safe foods with nutritional and medical benefits are 
considered driving forces in the 'agriceutical' business. This type of activity will drive the 
development of future generations of transgenics. Life Sciences Companies are well positioned to 
take the lead using proprietary technologies. These companies also control many of the gene 
sequences and technologies which we use in our transgenic programs and can limit our ability to 
deliver outcomes to Australian farmers. For those engaged in the production of transgenic pulses in 
Australia the challenge will be to negotiate the commercial licences for genes and technologies that 
will enable us to provide farmers and consumers with the products that will enhance productivity and 
sustainability and have nutritional benefits to the consumer. 
CLIMA TRANSFORMATION EFFORTS IN THE CONTEXT OF THE GLOBAL 
EFFORT 
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When RB parents P25598 and P21227 were crossed with normal parents Myallie and 83A476, the F1 
plants were an intermediate form of RB (reduced numbers of branchless nodes). There was 
segregation for RB and normal types in the F2 giving a satisfactory fit to 3 RB:1 normal types 
expected for a single dominant gene (Table 1). Similar results were obtained from reciprocal crosses 
RESULTS 
1. Severe RB x normal types 
RB parents P26021, P21238 and P24743 were crossed with normal parents Myallie and 83A476. 
Their F1 plants were normal. There was segregation for two distinct phenotypes, RB and normal 
types in F2 and F3 generations in all crosses. F2 populations from these crosses segregated giving 1 
RB:3 normal plants indicating the presence of a single recessive gene (Table 1). Progeny from 
normal branching types in F2 either segregated or were homozygous normal, whereas progeny from 
RB types were homozygous RB. Both II2 values for F2 and F3 generations are non-significant at 
P = 0.05 indicating a single recessive gene controlled the severe form of RB in the above parents. 
MATERIALS AND METHODS 
Several crosses were made between severe RB and normal (9), and mild and normal types (6). The 
F1, F2 and F3 generations including parental lines were grown in the field. Observations on the 
number of leaves on the uppermost first-order branch (U) and the number of branchless nodes (no 
branch in the axil of apical leaves) on the main stem were recorded on individual plants. Plants with 
branchless nodes were recorded as severe RB and plants with three or less leaves on U were 
recorded as mild and those with four or more were considered normal branching types. Due to 
continuous variation in the number of leaves on U in progeny of crosses involving mild and normal 
branching types, the distinction between mild and normal types was somewhat arbitrary. Therefore, 
data from these crosses were analysed as a quantitative trait. 
INTRODUCTION 
Narrow-leafed lupin is a major crop in southern Australia, with 1.2-1.4 million ha being sown each 
year, producing 1.4-1.6 million tons of grain, used predominately for animal feed. Because of its 
indeterminate growth habit, there is strong intra-plant competition for assimilate between reproductive 
and vegetative parts as the vegetative growth continues while the pods are being filled. The 
restricted branching (RB) genotypes can raise and stabilise grain yield in some Australian 
environments by raising the proportion of the plant's biomass that is devoted to seed production. Two 
forms of RB, severe and mild, have been recognised in narrow-leafed lupin. An understanding of the 
genetic basis of these two forms of RB is necessary for their efficient exploitation in a crop 
improvement programme. Here we outline the genetic bases of these two forms of RB. 
SUMMARY 
Narrow-leafed lupin has an indeterminate growth habit where vegetative growth continues while the 
pods are being filled, causing strong intra-plant competition for assimilates. Restricted-branching 
(RB) genotypes can reduce this tendency and raise the proportion of the plant's biomass going into 
grain. Two distinct forms of RB, mild (as seen in the variety Tallerack) and severe have been 
recognised. To understand the genetic basis of these traits, crosses were made between severe RB 
and normal, and mild and normal types. Progeny analysis showed that at least one dominant and one 
recessive gene, either one of which is sufficient to confer the character, controlled the severe form of 
RB. The mild form, which appears to be the more agronomically desirable, seems to be controlled by 
several genes. Nevertheless, a high heritability index of the mild form indicates that this trait can 
easily be selected in early generations. Both types of restricted branching traits are being 
backcrossed into a range of genetic backgrounds. This will permit determination of the most 
advantageous form of restricted branching, and the most appropriate genetic background to 
complement the changes caused by restricted branching to the plant's development and structure. 
Can we select for restricted branching in narrow- 
leafed lupin (Lupinus angustifolius)? 
Kedar Adhikari1, Nick Galwey1and Miles Dracup2 
1 Plant Sciences, Faculty of Agriculture, The University of Western Australia 
2 Agriculture Western Australia, South Perth 
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Estimates based on the P1, P2, F1 and F2 generations. 
First parent is mild and the second parent is normal. 
Standard errors in brackets. [ d] indicates the deviation of the mild parent from the mid-parent value. 
(h] indicates the deviation of the F1 from the mid parent value. 
2 
3 
Genetic effects3 Broad-sense 
Cross2 
Additive [d] Dominance [h] heritability (H2) 
88L089-3-21-02 x Myallie -1.32(0.16) -1.09 (0.70) 0.82 
P27805 x Myallie -1.57 (0.39) -0.28 (1.08) 0.91 
88L089-3-21-02 x 83A476 -1.03 (0.26) 1.92 (1.06) 0.90 
P27973 x Myallie -1.18 (0.20) 1.04 (0.63) 0.65 
76A333 x 83A476 -1.54 (0.17) 1.46 (0.74) 0.91 
88L089-3-18-01 x WL223 -1.42 (0.47) -0.78 (1.50) 0.95 
Table 2. The genetic control of the number of leaves on the uppermost branch in mild x normal 
crosses of Lupinus angustifo/ius1 
2. Normal x Mild RB 
The number of leaves on U is the standard quantitative measure of the mild form of RB. In all six 
crosses, the f 1 plants were variable, with 2-5 leaves on U. In F2, there was continuous variation in the 
number of leaves on U ranging from 0-6. Based upon parental lines and F2 generations, broad sense 
heritability on the number of leaves on U was estimated (Table 2). The variation due to 
environmental effect was much smaller than the variation due to genetic effect in all crosses giving a 
high broad-sense heritability index, which indicated that the mild form of RB trait is highly heritable. 
Moreover, this character is largely under additive genetic control as indicated by the generally higher 
value of additive genetic effects compared to dominance. Additive genetic variation is fixable which 
normally arises through nuclear genes. Thus, mildly RB should also be straightforward to select in a 
crop improvement program. 
IT2 Values for significance at *P = 0.05 are 5.99 and at **P = 0.01 are 9.21 (2 d.f.). 
a RB = restricted branching, Seg = segregating, Hom = homozygous. 
F2 F3 
Cross 
RB3 Il21:3 or 3:1 Hom Il21:2:1 Normal Hom RB Seg normal 
Myallie x P26021 24 56 1.07 22 37 18 0.53 
83A476 x P26021 7 13 1.07 7 9 3 1.74 
Myallie x P21238 8 25 0.01 8 18 5 1.39 
83A476 x P21238 13 54 1.12 12 36 16 1.50 
83A476 x P24743 37 155 3.55 34 103 55 5.61 
Myallie x P24743 23 87 0.98 20 58 28 2.15 
83A476 x P25598 122 44 0.20 55 51 42 16.58** 
Myallie x P21227 19 4 0.71 9 8 4 3.57 
83A476 x P21227 66 31 2.51 28 34 31 6.91* 
Table 1. Classification of F2 plants and F3 families derived from nine severely restricted branching x 
normal Lupinus angustifolius crosses 
indicating that there was no maternal or extra-chromosomal inheritance. Although n2 values for F3 
ratios deviated significantly, all F3 families derived from RB F2 plants either segregated or were 
homozygous RB and those from normal F2 plants were homozygous normal (Table 1). These results 
showed the presence of a single gene with incomplete dominance which confers the RB trait in these 
parents. The discrepancy between RB and segregating families probably arose from poorer 
emergence of F3 families derived from RB plants. 
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It has been suggested on theoretical grounds that both yellow lupins and restricted branching lupins 
may suffer less yield loss with delayed sowing than other lupin types. This was observed in 1998 
trials, especially at Merredin (see above figure), but was largely a consequence of poorer yields when 
sown early rather than better yields when sown late. It is therefore difficult to argue that this is an 
advantage for these types in comparison to conventional narrow-leafed lupins. In fact, in the trial at 
Gibson where Tallerack was second-best overall, it lost more yield with delayed sowing than all 
varieties except Belara, the best yielder overall. 
The strong emphasis on early sowing in lupins has been an important contributor to the development 
of herbicide resistant weeds in Western Australia, and later sowing could be a useful tool in their 
management. Understanding why lupins respond to sowing time this way in some environments, and 
not in others, would contribute to the development of more robust farming systems in the presence of 
resistant weeds, and could be an important component of more regional lupin management 
packages. 
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Several findings have implications for the aims of this project, and were perhaps a little unexpected. 
Firstly, at Mingenew and Wongan Hills lupins sown in early May did not yield as well as those sown in 
late May, whereas at Merredin and Gibson early sown lupins were clearly the best (see figure below). 
At Newdegate Belara, Wodjil and Tallerack yielded best from an early May sowing, but in all other 
varieties early June sowing was better. 
RESULTS AND DISCUSSION 
This new GRDC funded project began its first field season in 1998. Its objectives are to discover the 
specific adaptation of the increasing range of new lupin varieties to both environment and 
management, and to incorporate this knowledge into region and cultivar specific agronomy packages. 
The major research emphasis in the 1998 growing season was on investigating the response of 
current commercial varieties to sowing time and sowing rate at a number of locations, which were 
chosen to span the important lupin growing environments in Western Australia. The locations chosen 
were Pindar, Mingenew, Kalannie, Wongan Hills, Kodj Kodjin, Merredin, Holt Rock, Newdegate and 
Gibson. The varieties used were Merrit, Wodjil, Myallie, Tallerack, Kalya, Tanjil and Belara, with the 
addition of Teo in the sowing rate experiments. Other work was conducted on specific aspects of 
management packages for restricted branching lupins (the value of starter nitrogen) and yellow lupins 
(optimum sowing depth). 
BACKGROUND 
Getting the best out of new lupin varieties 
Dr Bob French, Grain Legume Agronomist, Dryland Research Institute, Merredin 
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Sowing yellow lupins deeper than 5 cm reduced crop establishment by as much 80%, indicating that 
control of sowing depth will be crucial to success with this crop. However, this trial was also affected 
by frost, so the effects on grain yield could not be estimated realistically. The results of the starter 
nitrogen trials on restricted branching lupins are dealt with in a separate article. 
Yellow lupins were the highest yielding in trials at Pindar, Kalannie and Kodj Kodjin, which were on 
acid sandplain soils with high levels of extractable aluminium, and the Kalannie site was badly 
affected by Eradu patch as well. At other sites yellow lupins yielded poorly, especially where trials 
were affected by frost. In fact, the susceptibility of yellow lupins to frost was a very consistent 
observation in the 1998 growing season. It can be devastating: on an acid sandplain site at Holt 
Rock where yellow lupins would otherwise be expected to be the highest yielding, they in fact yielded 
only 0.4 t/ha (Teo) and 0.2 t/ha (Wodjil) while Belara was the highest yielding with 1.07 t/ha. 
Fortunately, with their adaptation to acid sandplain which tends to be high in the landscape, yellow 
lupins should not experience severe frost often. 
There were no differences between varieties in response to sowing rate and, in fact, much less 
response to sowing rate than has been observed in previous years. At two sites (Holt Rock and 
Mingenew) there was no yield response to raising seed rates from 70 to 100 or to 150 kg/ha, and at 
one of the other four sites (Kodj Kodjin) the response only just returned the extra seed planted. In the 
light of previous work it is clear that lupin response to seed rate is seasonally dependant: what 
seasonal factors are involved are not clear. 
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These data do not support the suggestion that we should begin applying starter doses of N to lupin 
crops in WA. In particular, restricted branching lupins seem no more responsive to starter N than 
conventional types, and late sown lupins are less responsive to starter N than early sown lupins. A 
positive grain yield response to starter N will occur only in very special circumstances, such as on 
soils with very low levels of available N, e.g. on newly developed land. While there are few reasons 
for using starter N, there are some good reasons not to. The first is the risk of toxicity on the 
CONCLUSIONS 
The 1998 trials compared the response to 20 kg/ha starter N applied as OAP or topdressed urea. All 
treatments were given the same amount of P, as double superphosphate in the controls and urea 
treatments, and a basal treatment of 2.5 kg/ha Zn S04 was applied across each site to overcome 
potential differences arising from the trace zinc status of different fertilisers. The grain yields from 
these trials are shown in Table 1. There were no significant yield responses to starter N at any of the 
sites. Starter N only depressed grain yield in the drilled treatments at South Carrabin, and then only 
when OAP was the N source. This trial differed from the others in that it was sown on wide rows to 
facilitate stubble clearance, so each row had effectively twice as much fertiliser under it as in the 
other trials. All drilled treatments had poorer establishment than the corresponding banded treatment 
at South Carrabin, particularly OAP treatments (25 plants m·2 compared to 48 plants m·2). Banding 
had no effect on establishment or grain yield at both Newdegate and Kalannie. Merrit and Tallerack 
lupins responded to the agronomic treatments in the same way at each site. 
One of the most consistent observations in these trials was that N fertilisers can be quite toxic when 
drilled with the seed and, in most cases, the poorer establishment as a result of this toxicity leads to 
reduced yields. Where N was top dressed rather than drilled no reductions in establishment were 
observed, and the only negative effect on yield was in 86LG40. In two trials where drilling starter N 
was compared with banding it below the seed, banding was less injurious to crop establishment, and 
grain yield. Restricted branching and conventional lupin types were compared in one trial (96ME107) 
and showed no difference in responsiveness to starter N. This trial also simulated different seasonal 
finishes using irrigation treatments following flowering. These did not affect response to starter N 
either. 
There have been 11 trials since 1986 which include starter N treatments on lupins applied in various 
ways, and 3 further trials were conducted in 1998. The results of the pre-1998 trials are summarised 
in Table 2. (In one trial not shown in the table, 86GE53, starter N depressed yield due to greater 
weed growth in N treatments. This trial is not represented in Table 2 because its results are not 
documented in the research index, but only in the memory of Peter Nelson.) The only significant 
grain yield improvement in response to starter N was on recently cleared country at Badgingarra in 
1986, on a soil with very low N content. Even then it occurred only for early May sown lupins, not for 
June sown lupins. There was an increasing grain yield trend with starter N banded below the seed at 
Esperance in 1990, but this was not statistically significant. Otherwise grain yield did not respond to 
starter N, or responded negatively. 
FINDINGS 
The purpose of this document is to review what is known about the response of lupins in Western 
Australia to starter nitrogen. It has recently been suggested that low rates of N fertiliser applied at 
sowing could be beneficial to lupin crops under certain circumstances. It has, for example, been 
suggested that restricted branching cultivars like Tallerack would be more likely to respond to starter 
N than other cultivars, and that late sown lupins would be more likely to respond to starter N than 
early sown lupins. These suggestions have been made on theoretical grounds rather than on the 
basis of empirical evidence. Here I review the trials in Agriculture Western Australia's Research 
Index database relevant to this topic, and present results from trials conducted in 1998. This 
suggests that, at best, starter N on lupins is unlikely to have any beneficial effect and, at worst, can 
cause quite severe yield losses. · 
BACKGROUND 
Starter nitrogen on lupins 
Dr Bob French, Grain Legume Agronomist, Dryland Research Institute, Merredin 
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Banded Drilled 
Merrit Tallerack Merrit Tallerack 
South Carabbin 
Double super 2.52 2.17 1.94 1.62 
OAP 2.25 2.07 1.4 1.18 
d. super + urea 2.51 2.27 2.08 1.74 
LSD (P = 0.05) 0.24 
Newdegate 
Double super 1.33 1.43 1.37 1.44 
OAP 1.49 1.35 1.4 1.56 
d. super + urea 1.43 1.65 1.37 1.48 
LSD (P = 0.05) 0.28 
Kalannie 
Double super 0.73 0.54 0.79 0.68 
OAP 0.82 0.67 0.82 0.67 
d. super + urea 0.87 0.58 0.9 0.64 
LSD (P = 0.05) 0.18 
Table 1. Grain yields (t/ha) from 3 starter nitrogen trials conducted with lupins in the Western 
Australian wheatbelt in 1998 
establishing crop from all common sources of N. This can be overcome by banding the fertilisers 
below the seed or by top dressing the N instead of drilling it with the seed. Banding fertilisers such as 
DAP below the seed is more costly than drilling it, but may be justifiable if there is a response to 
banding P at a particular site. However, banding N would make it more susceptible to loss through 
leaching on many soils. It would be hard to justify a separate operation to top dress N onto lupins 
unless a consistent response could be achieved. A second reason for not using starter N on lupins is 
that it stimulates weed growth and in at least one trial the extra competition was sufficient to reduce 
yields in starter N treatments. 
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n.d. Denotes not determined for this experiment. 
Trial Site description N treatments Early growth Establishment Mature GYeffect response effect DM effect 
86BA2 Yellow Sand, New 0, 14, 55 kg N/ha as NH4N03 Positive None n.d." Positive when early 
Land in 1985 top dressed 4 weeks after sown, none when late 
sowing sown 
86BA3 Grey Sand over clay 0, 14, 55 kg N/ha as NH4N03 Positive when None n.d. None 
top dressed 4 weeks after early sown, 
sowing none when 
late sown 
86LG40 Grey Sand 48 kg/ha OAP ( drilled) 91 Positive n.d. n.d. Negative for Agras 
kg/ha Agras No.2 (drilled) No.1 and equivalent 
109 kg/ha Agras No. 1 rate of urea 
(drilled) 
Equiv. N as urea (top 
dressed) 
89E20 Esperance Downs 0, 5, 10, 20 kg N/ha as Negative Negative None Negative 
R.S. NH4N03 
89SC4 Yellow acid loamy 90 kg/ha OAP drilled Negative None n.d. None 
sand, high (Negative (Negative Trend) 
pleiochaeta spore Trend) 
count 
90 kg/ha OAP banded None None n.d. None 
90E13 Gibson Sand 0-20 kg N/ha as NH4N03 n.d. Negative n.d. Negative 
- drilled 
- banded n.d. None n.d. None 
(Positive Trend) 
90LG60 Yellow Gravelly 9 kg N/ha as OAP drilled n.d. .None n.d. - 
Sand 
11 kg N/ha as Agras No. 2 n.d. Negative n.d. Negative 
drilled 
22 kg N/ha as Agras No. 1 n.d. Negative n.d. Negative 
drilled 
9, 11, 22 kg N/ha as NH4N03 n.d. None n.d. None 
top dressed in front of seeder 
90LG75 Grey Sandy Loam 9 kg N/ha as OAP drilled n.d. None n.d. None 
11 kg N/ha as Agras No. 2 n.d. None n.d. None 
drilled 
22 kg N/ha as Agras No.1 n.d. None n.d. Negative 
drilled 
9, 11, 22 kg N/ha as NH4N03 n.d. None n.d. None 
top dressed in front of seeder 
90M06 Yellow Loamy Sand 50 kg/ha OAP drilled n.d. Negative n.d. n.d. 
at Wongan Hills 
96ME10 Yellow Sand Over O or 15 kg N/ha as urea top None None None None 
7 Gravel dressed in front of seeder 
Tallerack and Merrit gave the same response to N in each measured variate 
Summary of starter N trials conducted on lupins in WA 1986-1996 Table 2. 
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Date of aphid arrival, highest number of non-winged colonising aphids recorded (total of all species), 
and the highest level of CMV at each site is shown in Figure 1 . At all sites, green peach aphid was 
the predominant species, although high numbers of bluegreen aphid were seen later in the season at 
Badgingarra where numbers of all aphids were much higher than at other sites. At Mt Barker, there 
was considerable spread of BYMV although very few aphids colonised the lupins (max. 0.6/shoot tip). 
Both necrotic and non-necrotic strains of the virus were present, spreading across the plot from a sub. 
clover pasture bordering its north-western side. Although the necrotic strain was seen earliest in the 
Narrow-leafed lupins cv. Gungurru were sown on Agriculture Western Australia Research Stations at 
Merredin (Av. 330 mm), Avondale (Av. 420 mm), Badgingarra (Av. 600 mm) and Mt Barker 
(Av. 750 mm). At each site, a single plot (20 x 20 m) was set up adjacent to a sub. clover pasture. 
Plots were sown with 7% CMV-infected seed (except Mt Barker, where healthy seed was used) and 
were visited fortnightly during the growing season. On each visit, numbers of aphids of different 
species on one shoot tip (top 1 O cm) of each of 50 plants were counted and 100-200 lupin shoot tips 
were sampled for testing by ELISA for CMV. Plants with obvious necrotic or non-necrotic BYMV 
strain symptoms were tagged and counted. 
RESULTS FROM 1998 
A decision support system (DSS) is being developed to predict when growers in different districts and 
years may suffer economic losses from CMV or BYMV and should emphasise control measures at 
seeding. A preliminary model forecasting CMV spread and its effect on lupin yields was described in 
the 1997 Lupin Updates (p. 42). As part of a new GRDC project, the model will be improved to 
incorporate extra information and validated. Climate records will be studied in relation to past aphid 
outbreaks and virus epidemics at diverse sites over the last 1 O years. Experiments will be done in 
controlled environment cabinets to simulate a range of climatic scenarios (temperature, wind and 
rainfall) likely and determine their impacts on aphid numbers and virus spread. In 1998, prior to the 
project start, validation plots were set up at four sites in tow, medium and high annual rainfall zones, 
to gain information on aphids and virus in lupins for representative sites in different years. 
Cucumber mosaic virus (CMV) is seed-borne in narrow-leafed lupins and virus is spread from seed- 
infected plants to healthy plants by aphid vectors moving within crops. It causes yield losses of up to 
60% in some years, but has little impact in years when aphids arrive late. Bean yellow mosaic virus 
(BYMV) is not seed-borne in narrow-leafed lupins but is spread to lupin crops by aphids when they 
migrate from adjacent BYMV-infected sub. clover pastures. It kills (necrotic strain) or severely stunts 
(non-necrotic strain) narrow-leafed lupin plants. Aphids also cause sporadic yield losses due to direct 
feeding damage. The extent of CMV and BYMV epidemics in lupin crops and resulting yield losses 
vary widely with site and season. Planning for virus control should be done before planting crops, so 
that seed testing for CMV can be done pre-sowing and cultural CMV and BYMV management 
recommendations for seeding can be rouowed'. 
BACKGROUND 
• A decision support system (DSS) predicting the risk of aphid outbreaks and/or virus epidemics 
each year in lupins in different districts will be developed as part of a new GRDC-funded 
project. 
• Four sites were set up in 1998 to provide additional aphid and virus data for validating the DSS. 
• Highest incidences of CMV and BYMV were correlated with early arrival of aphids, but not 
necessarily to the build-up of colonising aphids on lupins at the four sites. 
• Results from these sites, aphid and virus data from earlier field experiments going back 1 O 
years, and climatic data will be used in validating the DSS to be developed for advisers and 
growers. 
KEY MESSAGES 
Forecasting aphid and virus risk in lupins 
Debbie Thackray and Roger Jones, CRC for Legumes in Mediterranean 
Agriculture and Agriculture Western Australia 
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Figure 1. Aphid arrival date, aphid numbers/shoot tip and highest per cent CMV infection in narrow- 
leafed lupins at 5 sites in different rainfall zones. 
growing season, the non-necrotic strain spread quicker and was ultimately higher in incidence 
(Figure 2a). At Avondale, BYMV was not seen until the end of September and only the necrotic strain 
was found (Figure 2b). At Badgingarra the necrotic strain of BYMV was first seen in mid-August and 
by the end of season the number of plants infected was nearly three-fold greater than that at 
Avondale and half that at Mt Barker (Figure 2c). No BYMV infected plants were seen at Merredin. 
Jones, R.A.C. (1994). Virus Diseases of Lupins. Western Australian Department of Agriculture 
Bulletin No. 4294 14p. 
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Figure 2. Aphid numbers, and spread of BYMV and CMV in narrow-leafed lupins at a) Mt Barker, 
b) Avondale and c) Badgingarra in 1998. 
27 
In 1998, 105 narrow-leafed lupin breeding lines mostly from stage 3 and stage 4 of the breeding 
program were screened for resistance/susceptibility to seed transmission of CMV and the seed 
harvested from these is currently under test. In 1997, 11 O breeding lines were similarly screened and 
the seed test results finalised in 1998. The best lines for reduced seed transmission with CMV were 
Wonga, Tanjil, 90A126-24-33 and 90A126-30-40, which gave 0.4-2.3% seed transmission rates. An 
unusual feature of the 1997 experiment was that nine breeding lines had dangerously high levels of 
CMV seed transmission (higher than Wandoo at 27%) and are candidates for discarding. The worst 
of these was 288AA44 with a seed transmission rate of 54%, a much higher than that of the variety 
Wandoo which had to be withdrawn because of its high seed transmission rate. This finding 
emphasises that it is important to select parents for crossing only after testing them for their intrinsic 
seed transmission levels by this method in order to remove those with dangerously high seed 
transmission rates. 
a) Screening for resistance to seed transmission of CMV in narrow-leafed lupins 
Setting up a disease nursery to measure resistance to seed transmission of CMV involves sowing 
replicated single row plots. lnfector rows of a Wandoo lupin seed stock heavily infected with CMV are 
sown in between each plot. This arrangement supplies a uniform infection source for spread of the 
virus within the test rows by naturally occurring aphids. The seed harvested from each test row is 
germinated over summer and the seedlings tested individually by ELISA to determine the intrinsic per 
cent CMV seed transmission rate of each line. 
METHODS AND RESULTS 
Cucumber mosaic virus (CMV) causes serious losses to lupin production in Australia. Management is 
possible using an integrated disease management strategy involving testing seed stocks to ensure 
seed with minimal levels of infection is sown and cultural strategies that decrease the spread of 
infection. However, the ideal solution for the long term to this disease problem is to sow CMV- 
resistant lupin varieties. The intrinsic rate of seed transmission of CMV differs markedly between 
different lines of narrow-leafed lupin and is a polygenically inherited trait that can be selected for. In 
some yellow lupin lines, a natural resistance gene (Ncm-1) is found that operates against most CMV 
strains. In addition, lupins genetically engineered with pathogen-derived transgenes for CMV 
resistance are being produced by the State Agricultural Biotechnology Centre, Murdoch University 
and CLIMA and will be available for screening and evaluation in due course. Work on screening and 
selection for reduced seed transmission in narrow-leafed lupins and for gene Ncm-1 in yellow lupins is 
conducted annually for the National Lupin Breeding Project (DAW485WR, 'Lupin Breeding in 
Australia') funded by GRDC. 
BACKGROUND 
• Screening of advanced breeding lines and varieties of narrow-leafed lupin for reduced seed 
transmission of CMV revealed very low rates of seed transmission in several (e.g. Wonga and 
Tanjil) and dangerously high rates in some others (e.g. 288AA44). 
• Crosses made with parental lines of narrow-leafed lupin with low seed transmission rates of 
CMV reached their second cycle of field exposure to the virus. 
• Progeny of all crosses with yellow lupins were challenged with CMV and only plants with CMV 
resistance gene Ncm-1 kept to continue in the yellow lupin breeding program. 
KEY MESSAGES 
Screening for resistance to cucumber mosaic virus 
in lupins 
Roger Jones, Brenda Coutts, Narelle Reeve, Wallace Cowling and Bevan 
Buirchell, Agriculture Western Australia and CRC for Legumes in Mediterranean 
Agriculture 
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Screening of advanced narrow-leafed lupin breeding lines for seed transmission of CMV ensures that 
all potential new varieties have acceptable transmission levels and ones with dangerously high levels 
are discarded. The finding in 1998 of nine narrow-leafed lupin breeding lines that need to be culled 
due to higher levels of CMV seed transmission than Wandoo indicates that this procedure is very 
important in identifying dangerously susceptible types before release and in identifying resistant types 
for crossing. Progress is being made in enhancing the resistance levels to seed transmission in 
narrow-leafed lupin through annually repeated cycles of crossing and culling of seed-infected progeny 
plants of crosses made with parents with low seed transmission rates. Screening out yellow lupins 
without gene Ncm-1 ensures that all yellow lupin varieties released in Australia in the future will carry 
this CMV resistance gene. 
CONCLUSIONS 
c) Selection of yellow lupin progenies for single gene resistance to CMV 
Each year progenies of crosses between parental lines of yellow lupins with and without CMV 
resistance gene Ncm-1 are screened for resistance to CMV in the glasshouse using sap inoculation 
with the virus. In 1998, two hundred and fifty F3 populations of yellow lupins from different crosses 
were challenged with CMV in the glasshouse and the susceptible plants discarded. The resistant 
plants were returned to the yellow lupin breeding program. This procedure ensures that all yellow 
lupin varieties released in Australia in the future will carry this CMV resistance gene. 
b) Cyclical re-selection of narrow-leafed lupin progenies for resistance to seed- 
transmitted CMV 
Seed of F2 progenies of 63 crosses from narrow-leafed lupin parents with low CMV seed transmission 
rates was grown out in single row plots in a disease nursery in 1997 with infector rows of variety 
Wandoo sown in between each progeny. A high and even exposure to the disease was obtained. In 
1998, F3 seed harvested from these F2 progenies first exposed to CMV infection in 1997 was sown in 
a further screening trial under maximum CMV inoculum pressure in 1998. All seed-infected plants 
were culled out. The cycle of exposure to CMV and culling of seed-infected plants will continue. This 
will carry on to the FS or F6 generations before selecting single plants for evaluation as potential new 
varieties with very low intrinsic CMV seed transmission rates or for crossing. 
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Initially, over the entire experiment, there were approximately equal numbers of plants infected with 
either strain, but by the end of the experiment, there were almost twice as many plants infected with 
the non-necrotic strain (Figure 1). Within plots with foci, the incidence of infection increased rapidly, 
spread of the non-necrotic strain occurring faster than that of the necrotic strain. The non-necrotic 
strain spread more rapidly both inside a 2.5 metre radius of each focus and outside this area. In the 
plots without foci, the numbers of plants infected with the non-necrotic strain also increased more 
rapidly than those of plants infected with the necrotic strain. 
RESULTS 
A field experiment was done at Agriculture Western Australia's Avondale Research Station. 
Subterranean clover plants infected with either strain of BYMV were introduced into 20 x 17 metre 
plots of narrow-leafed lupins cv. Gungurru (5 foci/plot, 2 plots/strain). A circular area with a 2.5 metre 
radius was marked around each focus. Two control plots were left without deliberately introduced 
infection foci. A 5 metre wild non-host of BYMV (canola) was grown as a buffer around each plot. 
Within each plot, plants with characteristic symptoms of either strain were tagged with surveying tape. 
This was done on 8 occasions over a 9-week period with different tag colours distinguishing tagging 
date and virus strain. To determine the rate of spread, the number of plants infected with either strain 
were counted on each tagging date. At the end of the growing season, each plot was divided up into 
1-metre2 quadrats and all tagged plants within each quadrat were counted to determine the effect of 
distance from the nearest BYMV source on the spread of each strain. 
METHOD 
Bean yellow mosaic virus (BYMV) causes a serious disease of narrow-leafed lupins. The virus enters 
lupin crops from adjacent pastures and aphids spread it to healthy plants during feeding. A new non- 
necrotic strain of BYMV is becoming widespread in lupin growing areas of Western Australia, 
especially in high and medium rainfall zones'". It is present in both crops and wild populations of 
lupins. It has the potential to spread faster and become more widespread than the original necrotic 
strain. This is because unlike the necrotic strain, which kills infected plants of narrow-leafed lupins 
and thus removes them as a source of infection within the crop, the non-necrotic strain causes only 
mottle and stunting without plant death. Therefore, plants infected with it become infection sources 
that persist throughout the growing season from which aphids can pick it up and spread it further. As 
it causes yield losses of up to 95% in individual early-infected plants <1l, its presence is cause for 
concern to the lupin industry. In 1998, a field experiment was done to test the hypothesis that it can 
spread faster than the necrotic strain in crops of narrow-leafed lupins resulting in a higher incidence of 
crop infection and consequent yield losses. 
BACKGROUND 
• The new non-necrotic strain of bean yellow mosaic virus (BYMV) was shown to spread faster 
than the original necrotic strain of the virus in narrow-leafed lupins. 
• As it becomes more widespread, the non-necrotic strain of BYMV is an increasing cause for 
concern to the lupin industry .. 
KEY MESSAGES 
The non-necrotic strain of bean yellow mosaic virus 
spreads faster than the necrotic strain in lupins 
Y. Cheng 1 and R.A.C. Jones 1•2 
1 Cooperative Research Centre for Legumes in Mediterranean Agriculture 
2 Agriculture Western Australia 
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Results in 1997 showed that grain yield losses due to infection with the non-necrotic strain are severe 
in individual infected plants'", Early-infected plants produce no seed, or produce fewer and smaller- 
sized seeds. The impact of timing of infection by the non-necrotic strain on lupin grain yield is being 
investigated but it is expected that the magnitude of yield loss will decrease with later infection of 
plants. The impact of infection of the non-necrotic strain also needs to be investigated when different 
proportions of plants are infected within the crop. Greatest losses are likely with widespread internal 
crop infection at low plant density, and in smaller paddocks with a high perimeter to area ratio. 
The non-necrotic strain of BYMV was shown to spread faster than the necrotic strain in narrow-leafed 
lupins, resulting in a higher incidence of infection. Plants infected with it remain alive acting as 
secondary sources of the virus within the crop. This is what increases the rate of spread. Much of the 
spread by the necrotic strain comes from the original source of the virus in nearby pasture, with only a 
brief window of about 2 weeks between infection and plant death in which an infected plant can act as 
a source for acquisition and spread of the virus by aphids. Hence, the numbers of plants infected by 
it are smaller, especially close to the infection source. 
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Figure 2. Effect of distance from BYMV source on 
incidence of lupin plants with symptoms of the 
non-necrotic or necrotic strains of BYMV. Plots 
with internal foci not included. Sources were 5 m 
away from the nearest plot edge. •- - -• Necrotic 
strain, +-+ Non-necrotic strain (Avondale 
Research Station, 1998). 
CONCLUSIONS 
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Figure 1. Disease progress curves for total 
numbers of lupin plants with symptoms caused by 
the non-necrotic or necrotic strains of BYMV over 
the entire experiment. • Necrotic strain, + Non- 
necrotic strain (Avondale Research Station, 1998). 
In plots without non-necrotic strain foci, the numbers of plants with symptoms of infection with the 
non-necrotic strain decreased sharply with distance from infection sources in a neighbouring plots 
(Figure 2). At 0.5 m from the plot edge nearest to the source, there were approximately 3 times the 
numbers of plants infected with the non-necrotic strain than at 16.5 m from the edge of the plot. In 
plots without the necrotic strain, there was a much less steep gradient of infection over distance from 
the infection source. At 16.5 m from the edge of the plot nearest to the source, there were 
approximately equal numbers of plants infected with either strain. 
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Effects of aphid feeding damage to lupin grain yields 
In trials involving four lupin varieties and the faba bean, grain yields of regular sprayed treatments 
ranged from 1.1-1.9 t/ha at Mullewa and 0.4-0.9 t/ha at Merredin. Aphids were found from mid-late 
Most of the aphids recorded were either bluegreen or green peach aphids. Few cowpea aphids were 
seen. Overall aphid numbers were lowest on Kayla and highest on Tallerack and Wodjil (Table 1). 
Both Wodjil and Tallerack are early maturing varieties, and aphid colonisation and feeding caused the 
plants to hay off earlier than normal. Aphid numbers were high for a period of 3-4 weeks on these 
varieties, and this sustained aphid infestation caused severe damage. 
Aphid numbers 
In 1998 aphids were present at all trial sites, and numbers were highest in the Wodjil trials. Large 
colonies were present from late winter to late spring, and at the Muntadgin site large colonies on 
some plants caused severe wilting in patches throughout the paddock. 
RESULTS AND DISCUSSION 
Three additional trials (two at Koorda and one at Muntagin) featuring randomised block designs 
compared the effects of controlling aphid feeding damage in Wodjil crops. Single foliar sprays of 
Pirimor® (pirimicarb) (300 g/ha), Le-Mat® (omethoate) (100-200 mUha) or Fastac® (alpha- 
cypermethrin) (125 mUha) (NOTE: FASTAC WAS USED IN A TRIAL SITUATION, BUT IS NOT 
REGISTERED FOR APHID CONTROL IN LUPINS) were applied at flowering (August). Numbers of 
aphids were estimated at each trial before and after spraying. Grain yields were compared. 
Healthy lupin seed was sown at 100 kg/ha and faba beans at 120 kg/ha by cone seeder at Mullewa 
and Merredin. Treatments were foliar sprays applied every two-three weeks ('regular sprays'), a 
single spray at threshold and untreated ('unprotected'). The single spray at threshold was applied in 
early September at both sites. Numbers of aphids were assessed during flowering, and yields were 
compared by harvesting plots with a mini harvester. Harvested seed was tested for cucumber mosaic 
virus (CMV) infection. 
In 1998, trials involving four lupin varieties (3 narrow-leafed and 1 yellow) and one faba bean (Fiord) 
were conducted at two locations (Mullewa and Merredin) to examine the yield response of controlling 
aphid feeding damage by foliar sprays. 
MATERIALS AND METHODS 
• Significant differences in yields due to aphid feeding damage were recorded for 2 spray trials 
using lupin and faba bean. Spraying for aphid feeding damage increased yields of both 
narrow-leafed lupins (Lupinus angustifolius) and yellow lupins (L /uteus) by more than 300%. 
• Trials were located in low rainfall areas (< 325 mm) of Merredin (eastern wheatbelt) and 
Mullewa (northern wheatbelt), and the best response to spraying to prevent aphid feeding 
damage was recorded in the recently released Wodjil and the reduced-branching 
L. angustifolius variety Tallerack. A smaller response was also achieved for Merrit. 
• In the eastern wheatbelt, large numbers of aphids, at times over 1000 aphids on a flowering 
head, were found attacking paddocks of L. luteus cv. Wodjil. A single well-timed spray 
significantly increased yields from 0.68 t/ha (unsprayed) to 1.87 t/ha (sprayed). 
SUMMARY 
Spraying to control aphid feeding damage increases 
yields of some lupin varieties and faba bean 
Francoise Berlandier and Linnet Cartwright, Entomology, Agriculture Western 
Australia, South Perth 
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Budworm infestation 
Native budworms (He/icoverpa puntigera) were present in the plots at Mullewa when plants were 
podding. These were not sprayed, as large numbers of aphids were still present in the untreated 
plots. Between 4.5-5.9% of harvested seed from untreated Tallerack and Wodjil were chewed by 
budworm. Earlier work by P. Michael showed that when unchecked, budworm chewed 23% of seed, 
and completely consumed 22% of seed. Using this as a guide, we can assume that between 
4.5%-6% of seed from Tallerack and Wodjil was completely consumed by budworms, and accounts 
for some of the yield reductions noted in unsprayed treatments for these varieties. 
Economics of spraying 
The current price of applying a spray of a registered chemical (product + application) is between $15- 
$22/ha, and is economically viable if applied when aphid numbers are high (at least 56/growing tip) on 
a susceptible variety. 
Application of a single spray to aphid-infested Wodjil at Koorda and Muntadgin significantly increased 
yields by up to 275% (Table 4). Prior to spraying, over 80% of the Wodjil plants had more than 30 
aphids/tip (maximum number up to 1000). Spraying increased yields of Wodjil to between 0.99-1.87 
t/ha, whereas the unsprayed Wodjil yielded between 0.38-0.68 t/ha (Table 4). 
Heavy aphid feeding and colonisation caused plants to hay off earlier than normal, resulting in 
shrivelled seeds. Tallerack seed in untreated plots was 48% of normal (treated) seed, and Wodjil 
seed was 7 4% that of normal seed. Aphid damage to buds and flowers also caused fewer pods to 
form. 
August onwards at both sites. Regular sprays to prevent aphid colonisation significantly increased 
yields of both narrow-leafed and yellow lupins in the absence of virus at Mullewa, with yields of 
Tallerack and Wodjil increasing by 600% and 550% respectively (Table 2). At Merredin yields of 
Tallerack and Wodjil increased by 640% and 4400% respectively (Table 3) when foliar sprays were 
applied every 3 weeks, although a proportion of this was due to CMV infection of 0.9% in harvested 
Tallerack grain. A single spray increased yields of Tallerack and Wodjil by 467% and 450% 
respectively at Mullewa. Economic yield losses in Kayla were negligible, a result which supports 
findings from 1997 trials. 
* Not counted; •• Low aphid numbers because plants had 'hayed-off. 
Chemical 100-seed No. aphids/head 
Cultivar treatment wt (gm) 26 August ~ September 11 September 24 September 8 October 
Kayla Untreated * 0.1 2 0.2 3.1 48.7 
One spray * 0.3 1 0.3 1.2 19.1 
Regular sprays * 0.05 0 0.1 0.1 0.0 
Tallerack Untreated 67.5 5.2 51 134.8 248 0.3** 
One spray 123.3 6.69 47 59.1 8.1 16.9 
Regular sprays 140 0.35 3 1.9 0.4 0.2 
Wodjil Untreated 102.5 17.1 95 238 99 0.0 
One spray 132.5 16.6 89 0.2 0.55 10.4 
Regular sprays 137.5 0 0 0 0 0.2 
Merrit Untreated * * * 1.4 * 126.9 
One spray * .. * 1.0 .. 18.4 
Regular sprays * * * 0 * 0 
Faba bean Untreated * 0 0 0 0 * 
(Fiord) One spray * 0 0 0 0 * 
Regular sprays * 0 0 0 0 • 
Table 1. Aphid numbers counted on samples of 10 cm tips of lupin and faba bean at Mullewa 
33 
Note that these recommendations apply only to control of aphid feeding damage; spray 
recommendations for virus control are different. 
A single spray applied at flowering can increase yields of Wodjil by an average of 238%, and of 
Tallerack by over 500% in the absence of CMV. Even in a variety like Merrit with intermediate 
resistance to aphids, a single spray can increase the yield by 0.26 t/ha. Growers in low rainfall areas 
(< 325 mm) need to be especially vigilant in monitoring aphid levels in their crops during flowering. 
The extent of yield losses caused by aphids was largely influenced by lupin variety, with the newer 
varieties Wodjil and Tallerack especially prone to aphid feeding damage. Merrit was also affected to 
a lesser extent, unlike last year, when no losses were recorded. Yield losses in Kayla were again not 
sufficient to warrant a spray recommendation. Aphid infestations of more than 50 aphids per bud or 
flowering spike in a susceptible variety must be controlled to avoid severe economic yield losses. 
CONCLUSION 
* 
Maximum yield - unsprayed. 
Calculated at $170/t. 
t 
Yield (t/ha) Yield increaset Aphid levels prior to spray 
Site % Plants with Mean Unsprayed One spray t/ha (%) $/ha* > 30 aphids aphids/tip 
Koorda 1 0.68 1.87 1.19(275) 202 88% 76 
Koorda 2 0.38 0.99 0.61 (260) 104 82% 56 
Muntadgin 0.62 1.11 0.49 (179) 83 39% 132 
Table 4. Effect of aphid control with a single foliar sprays on Wodjil lupin yields and aphid levels 
Calculated at $170/t for lupins, and $240/t for faba beans. * 
Treatment Kayla Merrit Tallerack Wodjil Faba bean 
Regular sprays 0.90 0.88 0.64 0.44 0.68 
Single spray 0.84 0.76 0.37 0.18 0.70 
Unprotected prayed 0.74 0.58 0.10 0.01 0.28 
Yield response (t/ha) 0.16 0.30 0.54 0.43 0.40 
Yield response ($)* 27.2 51 92 73 96 
Table 3. Yield response (t/ha) to controlling aphid feeding damage with foliar sprays in lupins and 
faba bean at Merredin 
Calculated at $170/t for lupins and $240/t for Faba bean. * 
Treatment Kayla Merrit Tallerack Wodjil Faba bean 
Regular sprays 1.87 1.87 1.78 1.07 1.05 
Single spray 1.63 1.60 1.36 0.87 1.01 
Unprotected prayed 1.61 1.34 0.27 0.22 1.16 
Yield response (t/ha) 0.26 0.53 1.51 0.85 no loss 
Yield response($)* 44 90 257 144 no loss 
Table 2. Yield response (t/ha) to controlling aphid feeding damage with foliar sprays in lupins and 
faba bean at Mullewa 
Effects of aphid feeding damage to faba bean grain yields 
A yield increase of 242% over the unsprayed treatments was recorded for the treatment of complete 
aphid control at Merredin, but not at Mullewa. 
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W = wheat, L = lupin, C = canola, Ch = chickpea. 
Rainfall zone Rotation* Soil 
Lime removed 
texture (kg/ha.year) 
Low WLWC Light 90 
(250-325 mm) WLWL 70 
WChWC Heavy 30 
wwww 40 
Medium WLWC Light 130 
(325-450 mm) WLWL 120 
WChWC Heavy 40 
wwww 50 
High WLWC Light 170 
(450-750 mm) WLWL 150 
WChWC Heavy 70 
wwww 90 
Table 1. Calculated lime requirements (kg lime/ha.year) for four rotations in three rainfall zones of 
the WA agricultural areas using intermediate yields and applications of nitrogen fertiliser 
Lime requirements of the rotations grown on light soil were up to three times higher than for the 
rotations grown on heavy soil (Table 1). In addition, the lime requirement for each of the rotations 
increased with increasing rainfall. Nitrate leaching was the main cause of acidification for rotations 
grown on light soil, while nitrogen fertiliser was the greatest contributing factor on heavy soil 
(Table 2). 
RESULTS AND DISCUSSION 
Nitrogen fertiliser applications were assumed to be 1 O kg N/ha (as OAP-based fertiliser), 20 kg N/ha 
(as OAP-based fertiliser) and 50 kg N/ha (equal quantities of OAP-based fertiliser and urea) for wheat 
after a legume grown in the low, medium and high rainfall zones respectively. Applications of 
20 kg N/ha (as OAP-based fertiliser), 35 kg N/ha (25 kg N as OAP-based fertiliser and 1 O kg N as 
urea) and 60 kg N/ha (equal quantities of OAP-based fertiliser and urea) were assumed for canola 
and all other wheat crops grown in the low, medium and high rainfall zones respectively. 
The acidification rate, expressed as lime equivalents, was calculated for four cropping rotations in the 
high, medium and low rainfall zones of WA using the Lime and Nutrient calculator. For the purposes 
of these calculations, the grain yields in the low, medium and high rainfall zones were assumed to be 
1.5, 2.5 and 4 t/ha for wheat; 1, 1.5 and 2 t/ha for canola; 0.8, 1.5 and 2.5 t/ha for lupin; and 0.5, 1.0 
and 1.5 t/ha for chickpea. 
METHODS 
In this paper we examine the estimated lime requirements for selected rotations growing in the low, 
medium and high rainfall regions of the State. The information presented here was derived from the 
Lime and Nutrient calculator, a tool which takes account of the above factors to give an estimate of 
the total acidification rate, expressed as lime equivalents. 
Soil acidification is a serious problem for agriculture in Western Australia. Two thirds of the soils in 
the agricultural areas of the State are acidic or at risk from soil acidification (PH(cact) < 5). The main 
causes of soil acidification are the removal of alkaline produce, leaching of nitrate and application of 
acidifying fertilisers. Lime is required to neutralise the acidity associated with agricultural production, 
but how do the rates vary with different rotations and locations? 
INTRODUCTION 
Calculated lime requirements for rotations 
James Fisher1, Art Diggle 1•2 and Bill Bowden 1•2 
1 Centre for Legumes in Mediterranean Agriculture 
2 Agriculture Western Australia 
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soil acidification, leaching, nitrogen fertiliser, lime and nutrient calculator 
KEYWORDS 
The cooperative development of the Lime and Nutrient calculator was supported by the Grains 
Research and Development Corporation and the Cereals Program of Agriculture Western Australia. 
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It should also be noted that the lime requirements presented here are examples only. As Table 2 
illustrates, the lime requirement for a rotation can vary greatly due to changes in the quantity or type 
of nitrogen fertiliser used, the amount of leaching and, depending on the crop, the quantity of product 
harvested. For example, the results presented in Table 1 would be quite different if a more acidifying 
fertiliser was used in the calculations. The aim of the calculator is to enable individuals to estimate 
the removal of lime equivalents or other nutrients using their paddock histories or projected 
production. 
It is important to note that the quantities determined by the calculator represent maintenance rates 
only. If a liming product was applied at a rate equivalent to that determined by the calculator it would 
only serve to maintain the pH of the soil at its present level. Many of the soils in WA have a pH that 
is lower than the level required for optimal production and crop selection. Therefore, the information 
provided by the calculator must be used in conjunction with soil and tissue tests to plan applications 
of lime (and other nutrients) required to sustain production. 
The estimated lime requirements reported here are higher than in other reported studies in which 
nitrate leaching was estimated by difference (e.g. Porter et al. 1995). However, more recent work has 
indicated that large quantities of nitrate that are leached from lightly-textured WA soils (Anderson 
et al. 1998). 
W = wheat, L = lupin, C = canola, Ch = chickpea. * 
Rainfall zone Rotation* Product Nitrogen Nitrate 
removal fertiliser leaching 
Low WLWC 7% 26% 67% 
(250-325 mm) WLWL 10% 14% 76% 
WChWC 18% 82% 0% 
wwww 13% 88% 0% 
Medium WLWC 7% 23% 70% 
(325-450 mm) WLWL 11% 15% 74% 
WChWC 19% 81% 0% 
wwww 10% 90% 0% 
High WLWC 8% 23% 69% 
(450-750 mm) WLWL 13% 15% 72% 
WChWC 16% 54% 30% 
wwww 11% 61% 28% 
Table 2. The proportion of the calculated lime requirements for four rotations in three rainfall zones 
of the WA agricultural areas that are attributable to product removal, ammonium-based 
nitrogen fertilisers and nitrate leaching 
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In 1998 there were many cases of reduced lupin grain yield. The lupin grain yield losses occurred 
several years after the application of lime. Well correlated with these depressions was the 
occurrence of 'split seed' which is the major characteristic of manganese (Mn) deficiency in narrow 
leafed lupins. Analysis of the harvest samples has confirmed that the concentration of manganese in 
narrow leafed lupin grain following the application of lime has been reduced. The concentration of Mn 
in the seed was often between 8 ppm-1 o ppm which is diagnostic for 'split seed disorder'. In 5 of the 
My conclusion regarding lupin grain yield depressions associated with the application of lime, was that 
the occurrence of grain loss was low and was probably due to an induced nutrient deficiency. 
Additionally this nutrient deficiency had a strong interaction with seasonal conditions. Therefore if 
nutrient levels were adequate, depressions were not likely occur. I stand by this recommendation, but 
would like to expand on the causes of these grain losses and discuss what can be done to overcome 
the problem. 
REASONS FOR DEPRESSED LUPIN YIELD 
In previous years I have reported on three major issues related to liming acid soils: 
• Depressed lupin grain yield associated with the application of lime. 
• Positive responses in wheat grain yield to liming over several years following the application of 
lime. 
• More recently, I have reported on very encouraging early responses of canola to the application 
of lime (see also Mike O'Connell and Chris Gazey, 'Case studies of the benefits oflime in WA'). 
A comprehensive report of the results from the demonstration sites can be found in the Western 
Australia Soil Acidity Demonstration Site Results Booklet available in late February from the 
Agriculture Western Australia Office at Northam. 
In summary, a series of lime trials (since 1994) and demonstration (since 1996) sites are located 
throughout the wheat belt. The growth, nutrition and yield of crops (including wheat, lupins, canola, 
barley, faba beans, chick peas and durum wheat and a few pastures) at these sites have been 
monitored and assessed over several years to determine the effects of introducing lime. 
Introducing lime to manage soil acidity is a major change to our farming systems in Western 
Australia. The project 'Managing Acidity in Farming Systems' at Agriculture Western Australia aims 
to identify the benefits and problems which may occur from treating acid soils to raise their pH. Lime 
is the most commonly used ameliorant and therefore the work has concentrated primarily on the 
effects and interactions caused by introducing lime into the farming system. 
BACKGROUND 
If manganese deficiency is likely in narrow leafed lupins then a foliar application of manganese at 
podding has been shown to very effective at reducing the amount of split seed and increasing the 
concentration of manganese in the harvested grain. 
Soil tests for manganese can at best only give an indication that Mn deficiency may occur. The best 
analysis to determine if split seed is likely to occur is a stem test analysis for manganese. 
Check the levels of manganese in lupin seed especially if the seed has come from a limed paddock 
and ensure that it is above 15 ppm Mn. 
If you have limed a paddock and suspect manganese deficiency you may consider applying a 
manganese fertiliser and or monitor crops closely. Narrow leafed lupins are susceptible to 
manganese deficiency in our farming systems. 
KEY MESSAGE 
What does lime do to acidic soils - lupin nutrition 
Chris Gazey, Research Officer, Agriculture Western Australia 
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• If you have limed a paddock and suspect manganese deficiency you may consider applying a 
manganese fertiliser and or monitor crops closely 
• Check the levels of manganese in lupin seed. A level above 15 ppm Mn is recommended. 
This test should be available from plant testing laboratories. 
• Soil and early tissue tests for manganese are not very reliable. Manganese is relatively 
immobile in the plants and there is a strong interaction between the expression of manganese 
deficiency and seasonal conditions. The best analysis to determine if split seed is likely to 
occur is a stem test analysis for manganese. This test should be available from your plant 
testing laboratories. 
• Apply a foliar application of manganese at podding if indicated (see references). 
WHAT CAN PRODUCERS DO THIS YEAR? 
In 1999 we will investigate the potential to overcome lime induced manganese deficiency by the well 
placed application of manganese fertilisers on trials where we expect Mn deficiency in lupins. 
The work completed so far in Western Australia on manganese fertilisers has concentrated on slightly 
acidic deep grey sands and gravelly sands and has not been related to the application of lime. In 
1998 Luigi Moreschi from CSBP showed that 100 kg Extra Phos & Manganese (12% P, 8.5% Sand 
5% Mn) drilled or banded greatly decreased the incidence of split seed in narrow leafed lupins at 
Badgingarra (pers. comm.). This work confirms earlier work in the mid 1980s by Ross Brennan of 
Agriculture Western Australia where 30 kg/ha of manganese sulphate drilled with the seed drastically· 
reduced or eliminated the occurrence of split seed on grey sands, gravels and yellow coastal sands 
north of Perth. 
The availability of manganese has been demonstrated to be affected by soil pH. Mn is more 
available at low pH (acid soils) and becomes less available as the pH increases (i.e. after the 
application of lime). Typically manganese fertiliser has not been used on acidic sandy soils except in 
areas such as Badgingarra and Esperance, where there are light sandy soils susceptible to Mn 
deficiency. 
7 trials tested, the level of Mn in seed from the treatments that received 2 t/ha of lime was below 15 
ppm. A manganese seed concentration above 15 ppm is recommended in lupin grain which is to be 
used as seed. 
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Topdressing the manganese fertiliser (5.0 kg/ha Mn) increased yield by 38% compared to the nil 
manganese fertiliser treatment. Drilling or deepbanding the manganese fertiliser increased the seed 
yield of lupins by 57% and 66% respectively (Figure 1). 
RESULTS AND DISCUSSION 
Eight treatments were replicated 5 times. Three rates of Mn (0, 5, 12 kg/ha) were applied via a 
fertiliser (Extra Phos and Manganese - 12% P, 8.5% S, 14% Ca, 5% Mn). The Mn fertiliser was 
either topdressed in front of the seeder and mixed in the soil by the seeding operation, drilled with the 
seed or banded 3-4cm below the seed. All treatments received extra phosphorus above that supplied 
by the Mn fertiliser to total 30 kg/ha of P. Extra P requirements were supplied via Extra Phos fertiliser 
(13.5% P, 7.5% S, 18% Ca) which was deepbanded. Plots were sown with seed that had either a 
high (23 ppm) or low (9 ppm) concentration of Mn. Seeds were planted 3-5 cm deep on 15 cm rows 
with Agmaster knife edge points. Plant counts were conducted to determine seedling emergence. 
A field trial with narrow leafed lupin (Lupinus angustifo/ius) cv. Gungurru was conducted at North 
Badgingarra on an acidic yellow sandplain which had supported blackbutt as natural vegetation. The 
site had never had manganese applied. A neighbouring paddock sown to lupins in 1997 suffered 
from severe manganese deficiency. 
METHOD 
Work done at UWA by Nancy Longnecker and Julie Crosbie has shown that sowing seed with low 
manganese concentrations (less than 1 o ppm) can decrease seedling emergence and vigour and final 
seed yield. 
Manganese deficiency in lupins is a common problem on the slightly acidic deep grey sands and 
gravelly sands of the West Midlands. These soils tend to be naturally low in manganese. The main 
problem is at the pod fill stage. Lack of manganese leads to the 'split seed' disorder and delayed 
maturity of the plants. The application of manganese fertiliser is an important method of overcoming 
this deficiency. Under dry soil conditions manganese uptake by the lupin roots may be restricted. 
Placement of the fertiliser with or below the seed may improve the uptake of manganese. 
BACKGROUND 
A trial north of Badgingarra compared topdressing, drilling and deep-banding manganese in fertilisers 
using seed of low and high manganese content. Topdressing increased yield by 38%, but drilling or 
deepbanding the manganese fertiliser increased the seed yield by 57% and 66% respectively. The 
incidence of split or shrivelled seed was largely reduced or eliminated by drilling or deepbanding the 
Mn, and the levels of manganese in the seed increased. A higher rate of applied Mn (12.0 kg/ha) did 
not increase yield further, but concentrations of Mn in seed virtually doubled. There were no 
significant effects on yield from the use of either a low Mn seed source (9 ppm) or a high Mn seed 
source (23 ppm). It is recommended that farmers apply manganese fertilisers drilled with seed or 
deepbanded. 
SUMMARY 
Effect of application method of manganese fertiliser 
and manganese concentration of seed source on 
seed yield of lupins grown in the West Midlands 
Luigi Moreschi, CSBP Area Manager - Dongara 
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Levels of Mn in the sown seed had no effect on emergence or seed yield. Farmers applying Mn 
fertiliser to lupins should be drilling or deepbanding. Those that topdress could be achieving only 
60% of possible benefit in the first season. 
Manganese levels in harvested seed were increased by the application of manganese fertiliser, and 
more so where Mn was either drilled or deepbanded. The higher rate of Mn (12.0 kg/ha) almost 
doubled the Mn levels in the lupin seed compared to deepbanded with 5.0 kg/ha Mn. 
Figure 2. Effect of three rates of Mn topdressed (TD), drilled (DR) or deepbanded (DB) on proportion of 
split and shrivelled seed compared to sound seed (by volume in 100 ml - I rep only). 














DB DB DR TD 
The incidence of split or shrivelled seed was reduced by drilling the Mn fertiliser and virtually 
eliminated by deepbanding (Figure 2). 
Poor availability of Mn (nil or topdressed plots) delayed the maturity of many of the plants. Drilling or 
deepbanding with 5.0 kg/ha Mn greatly reduced the number of plants showing signs of delayed 
maturity. At the higher rate of Mn (12.0 kg/ha) maturity of all plants was normal. 
A higher rate of Mn (12.0 kg/ha) did not increase yield further. Plant samples taken during the season 
(2 samplings) showed abundant phosphorus uptake in all treatments indicating that variations in yield 
were due only to the differences in availability of the Mn and not phosphorus. 
Figure 1. Yield response of lupins to rate and application method of Mn fertiliser at Badgingarra. 
lsd 0.29 t/ha 
Manganese Rate(kg/ha) 














Herbicides Belara Kai ya Merrit Myallie Tallerack WAL UP WAL UP 2005 493 
1 Simazine 2.5 L 2760 2274 2153 2274 2292 2986 2448 
2 Untreated 90.6 97.0 90.3 89.3 81.1 88.9 86.5 
3 Simazine 4 L 108.8 97.7 91.9 96.2 101.5 90.7 92.2 
4 Simazine/Atrazine 1.5/1 L 95.0 93.9 93.5 97.7 91.7 88.4 92.2 
5 Atrazine 2 L 100.7 94.7 92.8 99.3 97.7 83.7 88.9 
6 Diuron 1 L 90.0 100.0 105.6 103.1 100.7 91.9 99.3 
7 Diuron/Lexone 1 U133 g 92.5 90.6 90.3 100.8 94.7 93.6 91.5 
8 Brodal 200 ml 96.9 100.8 91.9 94.7 98.5 89.6 93.6 
9 Lexone 150 g 81.8 89.3 88.7 92.4 87.9 75.0 75.9 
10 Brodal/Lexone 60 mU60 g 91.8 102.3 100.0 92.4 103.8 83.7 85.1 
11 Brodal/Eclipse 60 mU6 g 100.7 98.5 95.2 97.0 95.5 88.9 90.8 
12 Eclipse 10 g 94.3 92.4 88.7 101.5 87.9 86.0 90.1 
lsd 13.8 12.0 11.1 12.4 15.7 9.1 14.4 
98WH69 
Katanning was near weed free initially (it was sown quite late), and a later emergence of ryegrass was 
sprayed out. 
The Wongan site had a heavy burden of wild radish and ryegrass. The ryegrass was sprayed out, but 
the radish has severely retarded the untreated controls. Yields were thus compared to the industry 
standard simazine treatment. 
Trials were conducted at Wongan Hills and Katanning. Wongan Hills was a loamy sand, very area 
typical, while Katanning was a gravelly loam. 
RESULTS 
Trials in previous years have quantified yield losses from various herbicides and herbicide 
combinations used in lupins. These trials aimed to expand and consolidate this knowledge. 
BACKGROUND 
Herbicide tolerance in narrow leaf lupins is quite variable, and probably correlated to disease status 
and temperature. 
KEY MESSAGE 
Herbicide tolerance of lupins 
Terry Piper, Weed Science Group, Agriculture Western Australia, South Perth 
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This work was funded in part by GRDC projects DAW 494 'Evaluating herbicide tolerance/resistance 
in cereal, legume and oilseed varieties' and DAW 'Getting the Best out of New Lupin Varieties'. 
ACKNOWLEDGMENT 
The new line WALUP2005, if it is released, will need to be treated with caution until we have more 
data. It has not shown any sensitivity at Katanning, but was suppressed by all treatments at Wongan. 
This mirrors the 1998 trial at Wongan, where all treatments except atrazine and Eclipse were 
damaging. 
We suspect that disease, possibly brown leaf spot, and/or higher temperatures may reduce crop 
tolerance to this mixture. Initial temperature effects testing will be done this year under controlled 
conditions. 
In the past we have always regarded Brodal/metribuzin to be particularly safe, but others have 
reported it as causing some crop damage. This year, for the first time there was evidence of crop 
suppression at Wongan Hills. Plant height was reduced in all varieties, but not by much. There has 
been no yield loss except for the two new lines, and possibly Myallie. 
The high rate of post-emergence Lexone was included to test variety tolerance, not because it is a 
particularly good weed control treatment. The general impression has been that tolerance has 
declined from the high point set by Gungurru and the Wongan results would seem to confirm this, 
with all varieties down although the reduction was not significant for Kalya or Myallie. At Katanning 
however, only Myallie was down to any extent. Soil type could be a factor here, as root uptake does 
play some part in the activity of metribuzin and this is more likely from a lighter soil. 
Comparing these two trials illustrates some of the variability we see in tolerance responses. 
WALUP2005 was sensitive to most treatments at Wongan, but not at Katanning, while Myallie 
reacted badly to Eclipse at Katanning but not at Wongan. Admittedly, the data for Myallie at 
Katanning is suspect, as the trial had one or two replicates of each treatment yielding nearly double 
all the others (of all varieties), with no evident pattern. I have no idea why! Hence the extreme lsd 
value. 
Treatments 6-12 had basal simazine@ 2 Uha 188. 
Treatments 1-5 Incorporated by seeding, treatments 6-7 immediately post plant, treatments 8-11 applied to 2-4 
leaf lupins, and treatment 12 to 8 leaf lupins. 
Herbicides Be Iara Kalya Merrit Myallie Tallerack WAL UP Wodjil 2005 
1 Simazine 2 L 1037 1044 1004 1649 1065 1045 1032 
3 Simazine 4 L 103.1 101.1 105.9 119.3 100.8 100.7 101.3 
4 Simazine/Atrazine 1 U1 L 102.1 100.0 105.0 83.7 99.9 101.4 102.3 
5 Atrazine 2 L 90.0 102.0 107.1 101.4 99.4 101.1 95.3 
8 Broda! 200 ml 101.0 90.9 104.2 101.9 100.8 102.1 102.0 
9 Lexone 150 g 101.9 100.3 102.6 84.2 99.7 99.2 95.4 
10 Brodal/Lexone 60 mU60 g 100.5 101.1 106.4 101.3 100.0 101.6 101.1 
11 Brodal/Eclipse 60 mU6 g 103.4 100.3 105.5 83.9 99.6 100.6 101.8 
12 Eclipse 10 g 99.6 99.5 102.6 83.3 99.4 101.0 93.9 




This work was funded in part by GRDC project DAW 494 'Evaluating herbicide tolerance/resistance in 
cereal, legume and oilseed varieties'. 
The safest treatment of all however, is probably the same as for L. angustifo/ius - apply basal 
simazine @ 2 Uha, and follow with Brodal/metribuzin @ 60/60. 
The predominant weed on the site was wild radish, very dense in parts, moderately so in others. This 
explains the 40% control by nil treatment - one plot was heavily infested and rated 0%, the other two 
were less dense and therefore rated as part controlled! 
Most treatments retarded the lupins early, but they seemed to recover fully by mid-season. Eclipse 
however caused irreversible damage. This herbicide should never be used on Wodjil lupins. At least 
some of the recovery can be attributed to weed control. The least damaging treatment was simazine 
@ 2 Uha, but this also was the weakest on the radish, and the lupin recovery and yield quite poor. 
More simazine, simazine/atrazine, atrazine, and diuron or diuron/metribuzin post-plant all caused 
more initial crop damage, but the weed control was such that crop recovery and yield was much 
better. 
Crop and radish effects are visual ratings of crop health and radish control. Anova was done on 
arcsine transformed data. 
Treatments 6-12 had basal simazine@ 2 Uha IBS. 
Treatments 2-5 Incorporated by seeding, treatments 6-7 immediately post plant, treatments 8-11 applied to 2-4 
leaf lupins, and treatment 12 to 8 leaf lupins. 
Crop effects Radish effects Yield 
Trt Herbicides 
1 July 9 September 1 July 9 September kg/ha 
1 Untreated 93.3 100 45 40 741 cde 
2 Simazine 2 L 78.3 100 86.7 71.7 899 abed 
3 Simazine 3 L 56.7 100 91 76.7 1098 abe 
4 Simazine/Atrazine 1/1 L 58.3 100 97.3 93.3 1111 abe 
5 Atrazine 2 L 65 96.7 97.7 93.3 1045 abc 
6 Diuron 1 L 43.3 81.7 91.7 91.7 1138 ab 
7 Diuron/Lexone 1 U133 g 36.7 71.7 94.3 95 1177 a 
8 Brodal 200 ml 75 98.3 95 100 992 abed 
9 Lexone 150 g 63.3 85 81.7 90 833 abede 
10 Brodal/Lexone 60 mU60 g 68.3 96.7 91.7 100 1111 abe 
11 Brodal/Eelipse 60 mU6 g 36.7 43.3 95 100 820 bede 
12 Eclipse 10 g 68.3 23.3 92.7 100 529 e 
lsd 11.0 13.8 5.8 18.3 33.4 
RESULTS 
Trials were conducted at Kalannie, Merredin and Mt Barker. Only Kalannie yield data is available. 
Trial 98WH70, Low rainfall research annex. Luteus lupins, cv Wodjil 
BACKGROUND 
Trials in previous years have identified herbicides and herbicide combinations that might be useful in 
L. luteus. These trials aimed to expand and consolidate this knowledge into a useful package. 
KEY MESSAGE 
Weed control in yellow lupins can be accomplished, but some herbicides must be avoided. This 
species is more herbicide sensitive than L. angustifolius. 
Weed control in Wodjil yellow lupins 
Terry Piper, Weed Science Group, Agriculture Western Australia, South Perth 
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*** Sim = Simazine; Rates are mUha; Sencor used was liquid 480 g/l. 
n.s. means there was no significant difference in yield between any treatments. 
Figures in bold are significantly lower yielding than the control (i.e. treatment 1) (p < 0.05). 
* 
Kai ya Gungurru Tanjll Wong a Belara 
Treatments Yield %of Yield %of Yield %of Yield %of Yield %of 
kg/ha 1 kg/ha 1 kg/ha 1 kg/ha 1 kg/ha 1 
1 . Sim 500 mUha 2049 100 1867 100 2171 100 2317 100 2410 100 
2. Sim 500 ml + Brodal 120 ml 2230 109 1904 102 2185 101 2283 99 2401 100 
3. Sim 500 ml + Broda) 120 ml + 2094 102 2003 107 2282 105 2228 96 2451 102 
Sencor50 ml 
4. Sim 500 ml+ Brodal 120 ml+ 2137 104 1801 96 2019 93 2069 89 2475 103 
Sencor 100 ml 
5. Sim 500 ml + Brodal 120 ml + 1875 91 1543 83 1694 78 1693 73 2110 88 
Sencor 150 ml 
6. Brodal 120 ml + Sencor 150 ml 2005 98 1761 94 2014 93 1919 83 2384 99 
7. Brodal 120 ml+ Sencor 250 ml 1966 96 1627 87 1537 71 1607 69 2170 90 
8. Brodal 120 ml 2110 103 1855 99 2316 107 2294 99 2485 103 
9. Eclipse 14 g/ha 2077 101 1597 86 2167 100 2102 91 2349 97 
10. Eclipse 7 g/ha 2083 102 1707 91 2239 103 2157 93 2352 98 
11. Eclipse 7 g + Brodal 80 ml 2208 108 1741 93 2324 107 2206 95 2349 97 
LSD n.s. n.s. n.s. n.s. 260 12 287 12 n.s. n.s. 
Table 1. Yield of Lupin varieties for a range of herbicide treatments 
Plots were harvested using an Agriculture Western Australia plot harvester. The harvested area was 
1.8 m wide by 12 m long except for Wonga treatments which were 1.8 m wide by 1 O m long due to a 
seeding miss in this plot. As a result of this seeding miss in the middle of the plot the Wonga variety 
had additional edge effect which may have resulted in a slight increase in yield of this variety. 
Harvest yield was the only objective measurement taken. Subjective measurements of crop effect 
were made during the growing season. 
RESULTS 
Broadleaf weed free site 
Pre-seeding chemical: Simazine 1.5 Uha + Atrazine 0.5 Uha 
M1 rainfall zone, 15 km north of Mingenew 
Good yellow loamy sand (i.e. Eradu Sandplain) 
12 May 1998 into moist soil 






The tolerance of new lupin varieties to the common herbicides used to control weeds in lupins is a 
very important part of the lupin variety decision making process. In the northern agricultural region 
the herbicide Metribuzin (i.e. Sencor or Lexone) is commonly used in mixtures with either Brodal or 
Simazine plus Brodal to control Wild Radish and Doublegees. These mixtures are potentially 
damaging to some lupin varieties and it is therefore very important to determine how tolerant new 
lupin varieties are to Metribuzin to ensure that it is used safely. 
INTRODUCTION 
Herbicide tolerance of new lupin varieties 
Peter Newman, Agronomist, Elders Mingenew 
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Avoid the use of Metribuzin on the varieties Wonga and Tanjil. Avoid high rates of Metribuzin on 
Belara lupins as they may not recover as well in a less forgiving season and/or when brown leaf spot 
is a problem. This trial was sprayed at the 8 leaf stage of the lupins which is a little later than when 
Metribuzin is often applied in the field. Metribuzin rates should be adjusted according to the leaf 
stage of the lupins. Consult an agronomist for specific rates. 
RECOMMENDATIONS 
Some phyto-toxicity was also observed across all varieties where they were sprayed with Eclipse. 
This crop effect was observed as chlorosis of the newest growth. This effect was similar across all 
varieties. There was less visual crop effect from Eclipse when it was mixed with Broda! however this 
was not reflected in yield. Eclipse did not affect the yield of any of the lupin varieties tested. 
There was no rainfall for 5 days after the trial was sprayed. It is generally accepted that rainfall within 
two days of spraying with metribuzin will reduce the phyto-toxlc effects of this product. 
Gungurru, Kalya and Belara recovered from this defoliation relatively quicker than did Tanjil and Wonga. 
Variety Gungurru Kai ya Belara Tanjil Wong a 
% Defoliation from high 30% 30% 50% 70% 70% 
rates of Metribuzin 
Table 3. Per cent defoliation of lupin varieties as a result of Phyto-toxicity from high rates of 
Metribuzin 
Ratings of phyto-toxicity were made across all treatments 1 O days after spraying. The only plots 
showing any phyto-toxicity were those plots sprayed with mixes containing Metribuzin (i.e. Sencor) 
and plots sprayed with Eclipse. The phyto-toxlcity symptoms observed in the Metribuzin plots was a 
burning of the newest growth described as a 'blow torch' effect. This phyto-toxlcity increased as the 
rate of Metribuzin increased across all varieties. 
The reduced yield of Gungurru in this trial can be explained by a general lack of vigour of this variety 
throughout the growing season possibly due to poor quality seed. The poor growth of Gungurru was 
uniform throughout the Gungurru plot so the data can be considered to be a true reflection of the 
herbicide tolerance of this variety relative to the other varieties sown. 
OBSERVATIONS 
High rates of Metribuzin in both a two way mix and a three way mix significantly reduced the yield of 
Wonga and Tanjil lupins. The yield of Wonga was also reduced by a medium rate of Metribuzin in a 
three way mix. The results of this trial suggest that Tanjil and Wonga have similar herbicide 
tolerance. 
There was no significant effect on yield from any herbicide application on the varieties Kalya, 
Gungurru and Belara. However, there was a trend of decreasing yield for the highest rates of 
Metribuzin (i.e. Sencor) in either a two way or three way mix across all varieties. These high rates of 
Metribuzin are higher than those typically used in the field. Given the acceptable yields of the 
medium and low rates of Metribuzin it is reasonable to assume that the product is safe over these 
varieties when used correctly. However, Belara suffered relatively more leaf scorching from 
Metribuzin than did Gungurru or Kalya. It would be wise to assume that Belara is not as tolerant of 
Metribuzin as Gungurru or Kalya even though the yield results do not show this. 
DISCUSSION 
Variety Gungurru Kai ya Wong a Tanjil Belara LSD 
Yield (kg/ha) 1764 2076 2080 2086 2358 90 
Table 2. Average yield of lupin varieties (kg/ha) 
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Thanks go to Agriculture Western Australia for harvestinq the trial and to Peter Newhouse for 
assistance with spraying the trial. 
ACKNOWLEDGEMENTS 
This is one trial result only and should be considered in conjunction with all other tolerance data that 
has been conducted on these varieties. At least two other tolerance trials were conducted on these 
varieties in 1998. 
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The best control strategy is to delay seeding for a year, and grow a cereal crop in the interim!! 
It would seem that volunteer canola is not worth controlling in lupins! The only effective herbicides 
cause more damage than the 'weed'. 
Eclipse applied early caused some crop damage. Despite its good weed control, the crop never 
recovered to yield as well as when the canola was simply left there. If the Eclipse application was 
delayed until the recommended crop stage, the canola competition would also contribute to chemical 
damage, and again yields were poor. 
The only successful control was by Eclipse. Brodal had only a slight effect, which is not surprising 
when some people are experimenting with the product as a control for wild radish in canola crops! 
Metribuzin had even less effect, again hardly surprising as it is a triazinone, closely related to the 
triazines, and this was a n canola. 
Crop and canola effects are visual ratings of crop health and canola control. Anova was done on 
arcsine transformed data. 
Treatments 6-12 had basal Simazine@ 2 Uha IBS. 
Treatments 2-9 applied to 2-4 leaf lupins, and treatment 1 Oto 8 leaf lupins. 
Canola control Crop effects Yield 
Trt # Herbicides 
29/6 16n 29n 29/6 16n 29n kg/ha 
1 Untreated 0 0 0 0 0 0 2113 a 
2 Broda I 100 ml 5 1.7 0 0 0 0 2171 a 
3 Brodal 200 ml 6.7 3.3 10 0 0 0 2359 a 
4 Lexone 100 g 0 3.3 6.7 0 0 0 2264 a 
5 Lexone 200 g 0 0 6.7 0 0 0 2157 a 
6 Eclipse 10 g 75 88.3 95 13.3 10 13.3 1660 b 
7 Brodal/Lexone 60/60 5 0 3.3 0 0 0 2257 a 
8 Brodal/Lexone 100/120 5 1.7 5 0 0 0 2144 a 
9 Brodal/Eclipse 100/1 O 78.3 88.3 90 0 5 8.3 1570 b 
10 Brodal/Eclipse 60/6 75 75 75 0 1.7 5 1692 b 
LSD 2.9 9.8 314 
RESULTS 
Trial 98MW35 
The trial was sown on 5 May (dry) with a basal treatment of simazine of 2 Uha. The post-emergent 
treatments were applied on 5 June and 12 June. 
This was an opportunistic trial. In 1997, a TI canola (Karoo) trial was sited in a wheat paddock that 
was rotated to Merrit lupins in 1998. · The density of volunteer canola provided an opportunity that 
could not be ignored. 
Canola harvesting always leaves a lot of seed on the ground. If the following crop is sown soon after 
the break, there will be many canola weeds present. Control could be difficult in some crops. 
BACKGROUND 
Don't attempt this crop rotation!! 
KEY MESSAGE 
Control of volunteer canola in lupins 
Terry Piper and Dave Nicholson, Weed Science Group, Agriculture Western 
Australia, South Perth and Geraldton 
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During 1997, a new technique of pressing lupin seed, not soil, was investigated and compared with 
the conventional methods of lupin seeding using press wheels and rotary harrows (Amjad et al. 1998). 
The seed was pressed into the soil but the soil was left relatively loose above the seed as compared 
to firming seed and soil together by press wheels. For the new seed pressing technique, the seed 
boots were taken from the seeding tines and mounted directly in front of press wheels by using 
specially made tube holders. The press wheels pushed seeds into the groove and the furrow was 
either left open, or was partially filled using the light rotary harrows. Seed pressing gave a 24 and 6% 
better emergence, and 17 and 12% better yield than the conventional methods of pressing with and 
without harrows respectively. During 1998, further research was conducted to confirm these results at 
Merredin and Wongan Hills. 
In several of our experiments in 1995, when compared with harrows, press wheels (PW) generally 
reduced lupin establishment (by between 4 and 28%) and usually yield (from 10 to 23%) under direct 
drilling situations in lupin growing areas of the State (Amjad et al. 1996 Rural Research for Farm 
Profit). During 1996, various combinations of treatments were tested at Merredin to overcome the 
1995 negative results and to improve lupin emergence and yield by using press wheels at a range of 
pressures under direct drilling, and deep slot cultivation below the seed situations (Amjad et al. 1997 
Crop Updates). A different technique of seed side pressing by press wheels was used instead of the 
conventional technique of seed top pressing. PW were off-centred from the seeding tines by the 
width of the seeding point, i.e. 50 mm. PW pressed the soil 40 mm away from the centre of the 
seeded row. Modified Walker rotary harrows were used before the press wheels for herbicide 
incorporation to cover the seed before pressing. Side pressing did not give the disadvantages seen 
from top pressing the previous year. 
MATERIAL AND METHODS 
In dryland agriculture, seedbed management techniques involving stubble retention, degree of soil 
disturbance and placement of seed and fertiliser in relation to soil moisture have significant effects on 
crop establishment, weed and disease control problems and ultimately on yield and productivity. 
Lupins have epigeal seedling emergence and the big cotyledons come out of the seedbed. This 
contrasts with hypogeal emergence of cereals and other grain legumes (such as faba beans, field 
peas and chickpeas). Lupins should therefore be comparatively more sensitive to soil crusting and 
soil strength above the seed. 
BACKGROUND 
• A new seeding technique - press the seed, not the soil - was developed, tested and 
demonstrated in comparison with the conventional methods of seeding using press wheels and 
harrows on lupins. 
• The seed was pressed into the soil but the soil was left relatively loose above the seed as 
compared to firming seed and soil together by press wheels. 
• The new seed pressing gave excellent results in terms of early plant vigour, crop growth and 
establishment, ryegrass suppression and yield in a range soil-moisture environments in 
Western Australia. 
• During 1997 and 1998, lupin yield improvement up to 20% (on an average 10%) have been 
observed in field experiments. 
KEY MESSAGE 
A new seed pressing system for healthy lupin 
establishment and productivity 
Mohammad Amjad, Glen Riethmuller and Ron Jarvis, Agriculture Western 
Australia 
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The research was supported by growers through GRDC funded project 'Reliable Lupin Seeding 
Systems including the Scenario of Herbicide Resistance' (DAW347). 
The cooperation and active involvement of project staff Laurie Wahlsten and Kevin Boyd was much 
appreciated. The authors would like to thank the staff of Agriculture Western Australia at Merredin 
and Wongan Hills Research Stations for their support and cooperation during this work. 
ACKNOWLEDGEMENT 
The development of a new seed pressing technique which is based is simple and inexpensive, but 
readily adaptable to existing systems, is the most significant research discovery of this GRDC funded 
project. Seed pressing can give up to 20% yield improvement compared to the conventional 
systems. Other additional benefits are weed and disease suppression due to healthy crop growth and 
establishment, thus reducing chemical costs and seeding rate. 
CONCLUSIONS 
The new seed pressing technique allows better seed-soil contact, moisture conservation, deep 
fertiliser placement, and better seed cover and herbicide incorporation and is an inexpensive 
adaptation for conventional seeders. Many farmers have reported the adaptation in their existing 
machinery systems and are now pressing the seed into the groove rather than pressing the soil on top 
of the seed, not only for lupins but also for cereals, pulses and canola. At various field days, the seed 
pressing technique was presented and demonstrated to more than 1500 farmers this year. This work 
needs to be demonstrated for all grain and oilseed crops in a range of soil-moisture environments in 
Western Australia. 
Seeding method Emergence (plant/m2) Yield (t/ha) 
Conventional method: Top press 54 1.37 
1996 improved method: Side Press 54 1.43 
New Seeding method: Seed Press 60 1.51 
LSD (0.05) 2.4 0.09 
Table 1. Comparison of seed pressing with side pressing and conventional lupin seeding method of 
top pressing using press wheels 
The new seed pressing technique gave excellent results during 1998 in terms of early vigour, crop 
establishment, ryegrass suppression and yield. Lupin yield improvement up to 23% has been 
observed in field experiments this year. Table 1 shows the average emergence and yield results from 
a time of sowing experiments (soil-moisture conditions) at Wongan Hills. Seed pressing gave 11 % 
and 10% better emergence and yield respectively than the conventional practice of top pressing using 
press wheels (Table 1). Side pressing was not significantly different from the conventional method. 
RESULTS AND DISCUSSION 
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• In the second year after establishing controlled traffic (CT) after deep ripping, the lupin yield 
has been 19% (213 kg/ha) better than with normal traffic (NT); Table 2. However, the row 
spacing of the NT crop was 9" and the CT crop 18"; which should provide a bigger benefit to 
CT. Next years wheat crop, with similar row spacing should clarify the true effect of a change 
to controlled traffic; the benefits estimated this year seem too large. Further investigation of 
the site in 1999 should clarify this. The yields from each plot in the whole site are shown in 
Figure 1. 
RESULTS AND CONCLUSIONS 
Paddock Railway Paddock 'Wyalong' Mullewa, southern section 
Plot size and replication 9 m x 600 m plots in six unrandomised replicates 
Soil type yellow sand 
Sowing date 29/4/1998, dry 
Seeding rate 100 kg/ha Gungurru, dressed 
Fertiliser 140 kg/ha single super 
Paddock rotation and history 1996 lupins, ripped April 1997, wheat June 1997 
Herbicides 1.4 L simazine and 0.2 L atrazine 28/4/98; 0.095 L Brodal and 0.5 L simazine 
and 70 g metribuzin 15/6/98; 0.2 L Fusilade and 0.075 L Select 17/7/98. 
Table 1. Trial design and agronomy details 
Plot yields are measured with the 9 m wide header with a yield monitor, yields in and between 
wheeltracks are made by hand harvesting. Traffic system effects are estimated from six adjacent 
plots in each system and deep ripping effects are estimated from adjacent ripped or unripped plots in 
each system. Further details of the long term trial in lupins in 1998 are shown below. 
A long-term on farm trial compares crop production and quality of a customised CT system and the 
current traffic system used on the farm. The demonstration Controlled Traffic (CT) system is based 
on a 9 m wide seeder, 27 m wide spray boom and a 9 m wide header. The Normal Traffic (NT) 
system has a 13.5 m wide seeder and spreader, 27 m wide spray boom and 9 m wide header. 
METHODS 
This research is to quantify the possible benefits of CT farming for grain production in the Northern 
wheatbelt, especially on sandy soils. 
AIMS 
A Controlled Traffic (CT) cropping system has improved lupin yield, compared to a Normal Traffic 
(NT) system if it was established in the year of deep ripping a wheat crop. If CT was established the 
year after deep ripping, and after a year of normal traffic, no benefit was found. Most of the reduced 
yield of lupins in the NT system came from compaction inherited from the previous year of wheat 
cropping. The CT system conserved deep ripped soil and the lupins showed a 12% benefit to ripping 
in the 1998 season. A simple cosUbenefit analysis of even a 10% yield benefit for lupins in the 
Geraldton region is encouraging. 
KEY MESSAGE 
Paul Blackwell, Agriculture Western Australia, Geraldton District Office 
Encouragement for controlled traffic farming in the 
Northern Wheatbelt 
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Price of $140/t. * 
Treatment (1997, 1998) Yield (t/ha) Yield benefit Value/ha (kg/ha) ($)* 
Trial site 1. CT after deep ripping 1997 
Controlled Traffic (CT) established in 1997 (CT,CT) 1.323 213 (19%)1 30 
Normal Traffic (NT) (NT, NT) 1.110 
1. 93% chance of being a real difference 
Trial site 2. CT after deep ripping then normal traffic 
Controlled Traffic (CT) established in 1998 (NT, CT) 1.332 -59 (-4%)2 0 
Normal Traffic (NT) (NT, NT) 1.392 
2. 54% chance of being a real difference 
Response of 1998 Jupin crop to deep ripping in 1997 
In Trial site 1. (CT,CT) ripped 1.430 162 (12%)3 23 
(CT,CT) unripped 1.268 
3. 99% chance of real difference 
In Trial site 1. (NT, NT) ripped 1.210 10 (4) 
(NT, NT) unripped 1.200 
4. 23% chance of being a real difference 
Table 2. 1998 lupin yield and returns for the controlled traffic and deep ripping (1997) treatments 
• CT established after one year of normal traffic for the wheat crop following deep ripping 
showed no evidence of a yield benefit. Compaction from NT when cropping the wheat in 1997 
caused the most reduction in lupin yield; Table 2. 
• Evidence continues to be collected on the effect of Controlled Traffic on the conservation of 
deep ripping. Table 2 includes the lupin yield response to deep ripping from 1997. A 12% 
benefit was evident in the lupin crop of 1998, when unripped and ripped pairs of plots were 
compared. This is encouraging for conservation of deep ripping into the next cereal year. 
• Even a 10% lupin yield by conversion to CT and an estimated cost of conversion to CT of 
$3/ha for an average farm on sand in the Geraldton region can be calculated to have a 
cost/benefit ratio of about 5 and an internal rate of return of about 30%; this is without any 
possible benefits to wheat production and other operational benefits of CT. 
• Measurements of yield loss from in-crop traffic (e.g. spraying) and traffic from the previous 
cropping season have been made. The largest estimated yield losses in normal traffic for this 
lupin crop come from the previous traffic for cropping wheat, after deep ripping. Although the 
actual yield loss in wheelmarks from in-crop traffic was 80-90% of the unwheeledyleld, the 
area covered was much smaller than the area covered by traffic from the previous wheat 
cropping. Thus yield losses on a whole paddock basis were about 8% for in-crop traffic, but 
about 12% for the traffic from the previous season. 
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This research is from the GRDC/Agriculture Western Australia funded project 'CONTROLLED 
TRAFFIC, demonstration and evaluation' (DAW 505). 
controlled traffic, deep ripping, compaction, sandy soils 
KEYWORDS 
Figure 1. The lupin yield from each plot of the traffic system trial in 1998. Controlled traffic in plots 
1-6. Airseeder {a) or airseeder and sprayer traffic {aS) are indicated for each plot. Normal 
traffic in plots 7-15, airseeder (a) or sprayer (S) traffic are indicated for each plot. In the CT 
system the tramlines are sown if only used by the airseeder during the growing season, but 
unsown if used by the airseeder and sprayer. This is the second year of CT in the CT plots, 
there must be some accumulated and spread compaction around the tramlines from the six 
spraying operations, two seeding and one harvesting operations they have already been 
used for up to harvest 1998. 
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CT in 1997, just after deep ripping 
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The present cost of the Adapt-A-Gap double density knife guards ($2,094) plus Platform Extender 
Fingers® ($1860) for a 9.1 m front is $3,954. Assuming lupins at $150/t net on farm and a 5.6% 
saving in losses, the area of a 1.8 t/ha lupin crop needed to repay the investment would be 260 ha. If 
one already has Primary Sales Australia double density guards then the area needed to recover the 
cost of Platform Extender Fingers® would be 120 ha. 
Actual lupin losses averaged around 200 kg/ha which was relatively high. This may have been due to 
pre-harvest shedding or the pick-up finger tine reel knocking some of the pods off before the knife. 
An air reel would have been better. 
A problem for belt type fronts, such as MacDon or Honeybee, that are used for canola swathing is that 
double density knife guards generally have to be replaced with conventional 76 mm guards to allow 
the green canola crop into the front. Platform Extender Fingers® only fit Primary Sales Australia 
double density guards so inter-changing knife guards during harvest may not be practical. 
Guards Yield % of no extensions 
Double density only 1874 100.0 
Double density plus Cereal Extension Fingers® 1853 98.9 
Double density plus Platform Extender Fingers® 1979 105.6 
l.s.d. (p < 0.05) 68 
F pr 0.002 
C. ofV. 3.8 
The long Platform Extension Fingers® were the highest yielding (therefore least losses) being 5.6% 
better than no guard extensions and 6. 7% better than short cereal extension fingers. There was no 
significant difference between the cereal fingers and no extension fingers. 
THE KEY RESULTS 
HOW THE WORK WAS DONE 
A Kingaroy Engineering Works (KEW) plot header with Primary Sales Australia Adapt-A-Gap double 
density knife guards with 76 mm knife sections was used with the following knife guard extensions. 
1. Double density knife guards (Primary Sales Australia, FB3). 
2. Double density knife guards plus 19 mm gap Cereal Extension Fingers@ (FE17 and FE21). 
3. Double density knife guards plus Platform Extender Fingers® (FE50W-AS). 
These fingers were easy to change quickly so harvesting conditions were the same for all treatments. 
The reel position and speed and ground speed was kept constant for all treatments. 
Thirty 20 m long plots at 4.5 m centres (ten reps, randomised block design) perpendicular to previous 
sown rows were used. 
WHY THE WORK WAS CONDUCTED 
In previous research, lupin losses over the knife have been reduced by using extended tables, double 
density knife guards and air reels. However, one method of producing an extended table is using 
long extension fingers, such as made by Primary Sales Australia, on an existing front. No replicated 
experiments have been done with these new fingers regarding lupin losses. 
KEY MESSAGE 
Primary Sales Australia, Platform Extension Fingers® for harvester fronts are worth considering to 
reduce lupin losses by around 6% depending on the front type, area of lupins sown and whether 
sheep are used for grazing that can recover some losses. 
Improved lupin harvesting efficiency with different 
knife guard extensions 
Glen Riethmuller, Agriculture Western Australia, Merredin 
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The third experiment compared lupins to other pulses in terms of wool growth potential. 
The results showed that protecting the protein had little effect on wool growth, but protected 
methionine, especially when combined with formaldehyde treatment, increased wool growth by up to 
30%. This result confirmed the idea that high protein degradability and low methionine content were 
limiting the value of lupins for wool growth. 
Means with different superscripts are different (P < 0.05). a 
Untreated Untreated lupin plus Formaldehyde Formaldehyde treatment plus 
lupin protected methionine treated lupin methionine 
9.03 10.7b 8.63 11f 
Table 2. Effect on clean wool growth (g/day) of treating sweet lupin (angustifolius) with formaldehyde 
(0.4 g/100 g protein) or adding protected methionine to the diet at 3 g/kg 
In the second experiment, the effects of protein protection (formaldehyde) and protected methionine 
on wool growth were investigated (Table 2). 
There were two differences between the protected canola meal and lupin protein that may have 
accounted for the difference in wool growth: 1. the canola meal protein was chemically protected 
against rumen degradation, whereas lupin protein was not, and 2. published tables indicate that 
canola meal protein has twice the level of methionine as lupin protein. This would be expected to 
influence wool growth because methionine is the first limiting amino acid for wool growth. 
In experiment 1, wool growth was measured in weaner Merino sheep fed diets equal in energy and 
nitrogen but with different sources of protein. There was no significant difference between wool 
growth from lupins versus oats plus urea. Wool growth from lupin protein was only half that from 
protected canola meal protein, showing the large potential for improvement in lupin protein. 
Means with different superscripts are significantly different (P < 0.05). a 
Protected canola meal Oats+ urea Sweet lupins 
11.68 7.8b 5.4b 
Table 1. Clean wool growth (g/day) in sheep fed diets of equal energy and nitrogen, and containing 
32% formaldehyde-protected solvent-extracted canola meal, 45% oats + 3.9% urea or 35% 
sweet lupin (angustifolius). The remainder of the diet was mainly oaten hay or straw 
The primary aim of this work was to determine the value of various pulse species for ruminants. This 
paper reports the results of three experiments in which wool growth was used to compare the value of 
different pulses. Where appropriate, metabolisable energy content was equalised between the diets. 
Within the Mediterranean climatic zones of Australia, pulses are a valuable source of protein for 
sheep and cattle during the late summer and autumn when pasture quality and quantity is low. For 
lupins, an estimated 200,000 tonnes are fed to ruminant livestock, mainly in Western Australia. Data 
are not available for other pulses, but areas sown are increasing and it is anticipated that increasing 
quantities of feed grade faba beans, field peas and chick peas will be used on farm as supplementary 
feed. 
The value of pulse grains for sheep 
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In summary, the research has shown that there is little difference between pulses in terms of wool 
growth but the quality of pulse protein for ruminants can be improved by up to 30% by decreasing the 
degradability of the protein and increasing the concentration of protected methionine. Future 
research is directed towards finding practical cost-effective means of achieving these modifications. 
The results in Table 3 show that regardless of treatment, the four pulse species were equal in terms of 
wool growth (P > 0.05). They also show that treatment of pulse grain with formaldehyde and adding 
protected methionine increased wool growth by 20 to 30% (P < 0.05) compared with untreated grain. 
Lupin Field pea Faba bean Chick pea 
Control (untreated) 11.7 10.4 11.6 10.9 
Treated (formald. + methionine) 14.6 12.7 13.9 14.2 
Table 3. Effect of pulse species and grain modification (treatment with formaldehyde and addition of 
3 g protected methionine) on clean wool growth (g/day) in sheep fed diets containing 35% of 
the indicated grains 

